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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor device for 
flip chip connection which requires no under filling. 
SOLUTION: There are provided a process where an insulating layer 
is formed in a region, comprising a part of a first semiconductor 
element and second semiconductor element, on a wafer where a 
plurality of semiconductor elements are formed while extending over 
the first and second semiconductor elements, a process where an 121 



external connection terminal is formed on the insulating layer, a 
process where the insulating layer is removed between the first 
semiconductor element and the second semiconductor element, and 
a process where the wafer is cut in a region where the insulating 
layer is removed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having wiring which is formed a semiconductor device, the 
insulating layer formed on this semiconductor device, the external connection terminal formed on this insulating 
layer, and on this insulating layer, and connects electrically the circuit electrode of this external connection terminal 
and this semiconductor device, and the include angles of at least one ramp of this insulating layer which counters 
differing. 

[Claim 2] Said wiring is a semiconductor device according to claim 1 characterized by being formed on a ramp with a 
tilt angle small among the ramps which said stress relaxation layer counters. 

[Claim 3] The semiconductor device according to claim 1 with which the inclination of a ramp with the small tilt 
angle of said insulating layer is characterized by being about 5% thru/or about 30% to said semiconductor device. 
[Claim 4] The semiconductor device according to claim 1 characterized by said insulating layer having a particle. 
[Claim 5] The semiconductor device according to claim 1 characterized by the thickness of said insulating layer 
being about 35 micrometers thru/or 150 micrometers. 

[Claim 6] Said insulating layer is a semiconductor device given in claims 1-5 characterized by being printed and 
formed using a mask. 

[Claim 7] The manufacture approach of the semiconductor device by which it is having-first process [ which forms 
the first insulating layer by printing using a mask so that the first semiconductor device and second semiconductor 
device may be straddled on a wafer ], second process [ which removes the part which is this a part of first 
insulating layer, and is in the field between this first semiconductor device and this second semiconductor device ], 
and third process which cuts this wafer characterized. 

[Claim 8] The manufacture approach of the semiconductor device according to claim 7 characterized by having the 
fourth process which forms an external connection terminal on said first insulating layer. 

[Claim 9] The first process which forms the first insulating layer by printing using a mask on a wafer so that the first 
semiconductor device and second semiconductor device may be straddled. The second process which forms wiring 
on this first insulating layer, and the third process which removes the part which is this a part of first insulating 
layer, and is in the field between this first semiconductor device and this second semiconductor device. The 
manufacture approach of the semiconductor device by which it is having-fourth process [ which forms an external 
connection terminal on this first insulating layer ], and fifth process which cuts this wafer characterized. 
[Claim 10] The manufacture approach of the semiconductor device according to claim 9 characterized by having a 
wrap process for said first insulating layer and said wiring by the second insulating layer between said third process 
and said fourth process. 

[Claim 11] The manufacture approach of the semiconductor device according to claim 7 or 9 characterized by 
removing said a part of first insulating layer by laser beam machining or machining. 

[Claim 12] The manufacture approach of the semiconductor device according to claim 7 or 9 characterized by 
cutting said first insulating layer using the first cutting cutting edge, and cutting said wafer using the second 
different cutting cutting edge from the first cutting cutting edge. 

[Claim 13] The manufacture approach of the semiconductor device according to claim 7 or 9 characterized by 
forming said first insulating layer so that four semiconductor devices which adjoin on said wafer may be straddled. 
[Claim 14] The manufacture approach of the semiconductor device according to claim 7 or 9 characterized by 
forming said first insulating layer so that the train of the semiconductor device of two trains which ac|join on said 
wafer may be straddled. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure and the manufacture approach of a semiconductor 

device aiming at flip chip bonding. 

[0002] 

[Description of the Prior Art] Many of semiconductor devices have a laminated structure, and the insulating layer is 
arranged between each class in many cases. Opening is prepared in this insulating layer, it lets that opening pass, 
and wiring which connects a lower layer terminal and the upper terminal is formed. 

[0003] The following approaches are adopted as the insulating stratification approach. That is, a photosensitive 
insulating material is applied with a spin coat method on a semiconductor device, and opening of an insulating layer 
is formed by carrying out exposure and development. Moreover, metal wiring which connects a lower layer terminal 
and the upper terminal applies the second photosensitive ingredient to the insulating- layer upper layer, forms a 
mask by performing exposure and development to this, and forms metal wiring which connects the terminal and the 
upper layer of the insulating- layer lower layer in using together processes, such as this, plating, a spatter, CVD, and 
vacuum evaporationo. This is removed after becoming unnecessary [ the photosensitive insulating material used as 
a mask ]. 

[0004] Formation of wiring which connects the terminal in the lower layer of an insulating layer and the upper layer 
according to the above process is attained. The fragmentary sectional view of the semiconductor device formed of 
such a process is shown in drawing 31 R> 1. In this drawing, the aluminum pad 7 serves as a terminal of insulating- 
layer 12 lower layer, and the bump pad 3 serves as a terminal of the insulating-layer upper layer. And as for the 
insulating layer 12 formed on the wafer 9 with which the semi-conductor was formed, opening is prepared on the 
aluminum pad 7. Moreover, the metal wiring 1 1 is formed from the aluminum pad 7 even to the bump pad 3 of the 
upper layer of an insulating layer 12. The bump 10 is formed in the bump pad 3. In addition, it is called rewiring to 
form wiring from the aluminum pad 7 to the bump pad 3 in this way. Moreover, the thickness of the insulating layer 
12 in this case is almost equivalent to the thickness of the metal wiring 11. 

[0005] Flip chip bonding is in one of the gestalten which mount the semiconductor device manufactured through 
such a process on the circuit board like a printed wired board, and are connected. Drawing 32 is the sectional view 
of the semiconductor device which carried out flip chip bonding. Connection between a semiconductor device 13 
and the circuit board 14 is made because the bump 10 prepared on the terminal of a semiconductor device 13 
solidifies again after melting on the circuit board. The gap of a semiconductor device 13 and the circuit board 14 is 
filled up with the resin of high rigidity. In addition, this resin is called under-filling 15 and is effective in reinforcing a 
connection. There is JP.1 1-1 1 1 768 A as an example of the flip chip bonding which carried out under-filling. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there are the following problems in the above-mentioned 
conventional technique. 

[0007] Difficulty is in the supply approach of the resin to the gap of a semiconductor device and the circuit board in 
the first place. That is, the method of using capillarity is taken as an approach a clearance supplies resin to the gap 
which is generally 0.3mm or less. However, since the resin ingredient for under-filling is hyperviscous liquefied resin, 
it requires the time amount embedded in a clearance, and has the problem of an air ball tending to remain. 
[0008] Difficulty is [ second ] in removal of a semiconductor device. That is, in order that the hardened under-filling 
ingredient may remain on the circuit board even after removing even if it removes this semiconductor device from 
on the circuit board when the semiconductor device linked to the circuit board is a defective, the problem that 
playback of the circuit board is difficult exists. 

[0009] Also in order to solve the first and the second trouble, it is desirable to connect a semiconductor device to 
the circuit board, without carrying out under-filling. However, under-filling is carried out in order to prevent 
destruction of the connection resulting from distortion produced in the connection by generation of heat at the time 
of using the completed electric product etc., and in not carrying out, the problem that the connection life of a 
semiconductor device will become extremely short arises. 

[0010] In realizing the semiconductor device which makes possible unnecessary flip chip bonding of under-filling, 
even if the purpose of this invention is the case that the dimension of a semiconductor device in every direction is 
small, it is to form an insulating layer for every semiconductor device. 
[0011] 
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[Means for Solving the Problem] This invention is constituted as a claim, in order to attain the above-mentioned 
purpose. For example, printing formation of the thick-film insulating layer over two or more semiconductor devices is 
carried out, the part in which wiring does not exist is cut, and a thick-film insulating layer is divided. 
[001 2] The semiconductor device which makes possible unnecessary flip chip bonding of under-filling by this is 
realizable, and even if it is the case that the dimension of a semiconductor device in every direction is small, an 
insulating layer can be formed for every semiconductor device. 

[0013] In addition, on these specifications, this thick-film insulating layer is indicated to be a stress relaxation layer. 
[0014] 

> [Embodiment of the Invention] Hereafter, it explains, using drawing together about one example of this invention. In 
addition, in all drawings, in order that the same sign may have omitted the explanation which overlaps since the 
same part is shown and may give explanation easy, it has changed the proportion of each part with the actual 
condition. 

[0015] First, the structure of the semiconductor device by this example is explained. Below, although it is 
collectively manufactured by many per wafer, in order to give explanation easy, a semiconductor device takes out 
the part and is explained. The fragmentary sectional view of the semiconductor device 13 of this example is shown 
in drawing 1 . 

[0016] The wafer 9 with which the semiconductor circuit was formed is a wafer which ended the last process as 
used in the field of a semi-conductor production process, and is a thing before division cutting at many 
semiconductor devices 13. The connection terminal 7 for the exteriors, for example, an aluminum pad, is formed in 
each semiconductor device 1 3. In the semiconductor device 1 3 of a conventional type, when storing in 
semiconductor packages, such as QFP (Quad Flat Package), this aluminum pad 7 connects a golden wire etc., and it 
is used in order to realize a flow with the external terminal of a semiconductor package. The front face of a 
semiconductor device 13 in which the semiconductor circuit was formed is covered with the protective coat 8 
except for the cutting section 24 at the time of cutting the wafer 9 with which the aluminum pad 7 top and many 
semi-conductors were formed to the chip-like semiconductor device 13, and its circumference. The insulating resin 
which becomes this protective coat 8 from the insulating resin independent or the organic material which consists 
of thickness 1 thru/or an about 1 0-micrometer inorganic material is used together. The bipolar membrane which 
carried out the laminating of the organic compound insulator which becomes the upper part of independence or said 
inorganic insulator layer from an organic material about the insulator layer which consists of thickness 1 thru/or an 
about 1 0-micrometer inorganic material is used for this protective coat 8. When using this bipolar membrane, as for 
this organic film, it is desirable to use a photopolymer ingredient When a photosensitive ingredient suitable as 
organic film of a protective coat 8 is illustrated by this example, there are photosensitive polyimide, photosensitive 
benz-cyclo-butene, photosensitive poly benzoxazole, etc. In this example, the inorganic material, the organic 
materials, or such bipolar membrane of well-known common use can be used not only as this but as a protective 
coat. For example, SiN, Si02, etc. can be used as inorganic film. Moreover, although it does not matter even if it is 
formed so that the whole surface may be covered mostly, of course, as shown in drawing 33 , even if this organic 
film is formed only in the field of the inorganic film which becomes near the aluminum pad 7, it is not cared about, 
and as shown in drawing 34 , it may be formed only in two or more places of the arbitration of an inorganic film front 
face. Thus, by limiting the field of the organic film, the curvature of the wafer 9 by the internal stress of a protective 
coat 8 is reduced, and it becomes advantageous in respect of the handling in a production process, focusing at the 
time of exposure, etc. In addition, in this example, the field near the aluminum pad 7 has pointed out the field from 
the edge of the aluminum pad 7 to 1mm of maximum distances. In addition, in drawing 33 and drawing 34 , although 
the organic film around the aluminum pad 7 is formed in the continuation field, it may be formed in the field which 
became independent for each aluminum pad of every, respectively. Specifically, it becomes a field like drawing 35 . In 
view of the pattern precision of the photopolymer used for this organic film, membranous internal stress, and the 
component property of this semiconductor device, it determines whether which gestalt of drawing 35 is used from 
drawing 3333 . If an example of the component property said here is given, it has pointed out changing the level of 
the energy barrier in each active cell inside a component (transistor) according to the stress operation to this 
semiconductor device. 

[0017] On the protective coat 8, thickness 35 thru/or the 1 50-micrometer stress relaxation layer 5 are formed 
alternatively. Although the thickness of a stress relaxation layer is dependent on the size of a semiconductor device, 
the elastic modulus of a stress relaxation layer, semiconductor device thickness, etc. and cannot generally be 
******(ed) The semiconductor device thickness generally used is about 150 thru/or 750 micrometers. The place 
which conducted the stress simulation experiment with the bimetal model which consists of a semiconductor device 
and a stress relaxation layer formed in the front face. Since, as for necessary stress relaxation layer membrane 
thickness, it turned out that 1 0 thru/or 200 micrometers are 35 thru/or 1 50 micrometers desirable still more 
preferably, this example was formed in this thickness range. About 1 /of this is equivalent to about 20 to 1/5 
thickness to the thickness of a semiconductor device. If thickness becomes smaller than 35 micrometers, desired 
stress relaxation cannot be obtained, and if thickness becomes thick exceeding 150 micrometers, the curvature of a 
wafer will occur for the internal stress which stress relaxation layer 5 self has. and it becomes easy to generate the 
handling fault in focus gap. a wiring formation process, etc. in an exposure process etc., and there is a problem that 
productivity falls. The stress relaxation layer 5 is formed with the resin ingredient which has the elastic modulus of 
0.1GPa(s) to 10GPa(s) in an elastic modulus sharply smaller than a semiconductor wafer 9, for example, a room 
temperature. If it is the stress relaxation layer which has the elastic modulus of this range, a reliable semiconductor 
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device can be offered. That is, in the case of the stress relaxation layer of the elastic modulus which is less than 
0.1GPa t in case it becomes difficult to support the weight of the semiconductor device itself and it uses it as a 
semiconductor device, it is easy to produce the problem that a property is not stabilized. On the other hand, when 
the stress relaxation layer of the elastic modulus exceeding 10GPa is used, there is even a danger that the 
curvature of a wafer will occur for the internal stress which stress relaxation layer 5 self has, will become easy to 
generate the handling fault in focus gap, a wiring formation process, etc. in an exposure process etc., and the fault 
that a wafer breaks further will occur. The edge section of the stress relaxation layer 5 has the inclination, and the 
average gradient is 5 thru/or about 30%. In the case of the tilt angle which is less than 5%, an inclination becomes 
long too much and desired thickness is not obtained. For example, in order to consider as the thickness of 100 
micrometers with the tilt angle of 3% of average gradients, desired thickness will be obtained, if about 7 millimeters 
cannot be found when the horizontal distance of 3-millimeter ** is needed and the edge section on either side is 
united. On the other hand, although it is satisfactory in respect of horizontal distance when a tilt angle is 30% **, the 
danger that step coverage conversely sufficient in the case of wiring formation will not be obtained is high. 
Especially plating resist is attached, there is no process margin in the process of the surroundings, exposure, and 
development and special skill or a special technique is needed. When a tilt angle is still larger, the so-called stress 
concentration effectiveness may act stress may concentrate on the edge section, the inclination an open circuit of 
the wiring 4 for rewiring becomes easy to generate in the edge section as the result may appear, and a device 
special to wiring structure may be needed. Since it is 50-micrometer thickness from the edge of the stress 
relaxation layer 5 with the horizontal distance of 500 micrometers in the case of drawing 1 , an average gradient is 
10%. The wiring 4 for rewiring is formed with conductors, such as copper, and has connected the aluminum pad 7 and 
the letter electrode 3 of a projection of stress relaxation layer 5 front face, for example, a bump pad. Moreover, the 
bump pad 3 top may form the gilding 2 for preventing oxidation of the bump pad 3. The front face of a 
semiconductor device 13 is covered by the surface protective coat 6 except for the cutting section 24 at the time 
of cutting the wafer 9 with which the bump pad 3 and many semi-conductors were formed to each semiconductor 
device 13. 

[0018] Since it is closing by covering completely a protective coat 8 and the stress relaxation layer 5 by the surface 
protective coat 6, it prevents that a protective coat 8 and the stress relaxation layer 5 exfoliate from the front face 
of a wafer 9 in which the semiconductor device was formed, and invasion of foreign matters, such as ion which 
causes the performance degradation of a semi-conductor, can also be mitigated. Moreover, since the protective 
coat 8, the stress relaxation layer 5, and the surface protective coat 6 are all retreating from the cutting section 24, 
in case they carry out cutting separation of the semiconductor device 13, they do not receive damage. 
[0019] The various resin ingredients which have an electrical insulating characteristic as a surface protective coat 6 
can be used. Although it is desirable that it is a photosensitive ingredient since it is necessary to form a pattern, 
membranes may be formed by printing, for example using the ingredient corresponding to high precision printing of 
an ink jet etc. In addition, after carrying out solid formation of the insulator layer by the cheap methods of 
application, such as a curtain coat, a photolithography process may be used, and patterning of the etching resist 
may be formed and carried out and membranes may be formed through the process of etching processing and resist 
exfoliation for the above-mentioned insulator layer using this resist pattern. Although various ingredients are usable 
in this example as such an ingredient if some are illustrated, denaturation triazole resin, denaturation melamine 
resin, polyimide resin, etc. will be suitably used as (1) photosensitivity ingredient as polyamidoimide resin, polyimide 
resin, and a charge of (3) solid membrane formation material as an acrylic denaturation photosensitivity epoxy resin, 
photosensitive polyimide resin, and a (2) ink-jet printing ingredient. If it illustrates still more concretely about a 
photosensitive ingredient the photosensitive polyimide used for surface covering of a solder resist or a flexible 
printed circuit board used suitably will be suitably used as a surface protective coat 6 by the printed circuit board 
production process as a cheap photopolymer ingredient. On the other hand, as a charge of solid membrane 
formation material, photograph NISU TM of Toray Industries, Inc. etc. is suitable, for example. In addition, the solder 
resist was used in this example. The bump 1 is formed on the bump pad 3. As for this bump 1, forming with a solder 
ingredient is common. A bump 1 becomes an external connection terminal here. 

[0020] The top view which omitted the bump 1 who originally exists the condition that the semiconductor device 13 
shown in drawing 2 by drawing 1 is continuously formed on the wafer showed. The part shown by hatching in drawing 
2 is the solder resist which is the surface protective coat 6. Moreover, it is formed in the condition that the stress 
relaxation layer 5 is formed in the shape of [ which rounded off the angle ] a rectangle, and gets down, and the 
cutting section 24 which is cutting at the time of separating each semiconductor device 13 exists between each 
semiconductor device 13. cut — it is desirable to be located in 10 thru/or 100 micrometers from the edge of ** 6, 
for example, a surface protective coat If there is an inclination which becomes easy to induce a chipping and it 
becomes conversely longer than 100 micrometers in case each semiconductor device will be separated, if shorter 
than 10 micrometers, an effective area usable as a semiconductor device will decrease. Therefore, it is desirable to 
locate spacing with the surface protective layer 6 in 10 thru/or 100 micrometers by this example as cut and carry 
out for the improvement in the yield of a semiconductor device 13. In addition, although not illustrated by the lower 
layer of the end of the wiring 4 for rewiring, the aluminum pad 7 exists in it 

[0021] According to this semiconductor device structure, since the stress relaxation layer 5 exists between the 
wiring 4 for rewiring, and a wafer 9. a semiconductor device 13 is connected on the circuit board 14, and in case it 
operates, it becomes possible to distribute distortion by the heat which a bump 1 receives. For this reason, it 
becomes possible to prolong a connection life, without carrying out under-filling 15. even if it carries this 
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semiconductor device 13 in the circuit board 14. Moreover, since the stress relaxation layer 5 has the gently-sloping 
ramp, the wiring flection which turns into stress raisers in the middle of the wiring 4 for rewiring does not exist. 
[0022] An example of the production process of the semiconductor device 1 3 in this example is explained using 
drawing. By drawing 3 , drawing 4 explains the sixth process from the fourth process, and drawing 5 explains the 
ninth process for from the first process to the third process from the seventh process. In addition, also in which 
drawing, cross-section structure of the semiconductor device 13 in this example is used as the sectional view which 
took out the part so that intelligibly. 

[0023] The first process: Manufacture at the same process as the conventional semiconductor device 13 about the 
wafer 9 with which the semi-conductor whose aluminum pad 7 for external connection is formation ending was 
formed. Although the quality of the material of the pad for external connection was aluminum in the semiconductor 
device used by this example, an external connection pad may be copper. It is because wirebonding is not used as 
external connection, so it is not necessary to take into consideration the problem of the bonding nature which is 
easy to produce when an external connection pad is copper in this example. Since the electric resistance of wiring 
can be reduced if an external connection pad is copper, it is desirable also from a viewpoint of the improvement in 
an electrical property of a semiconductor device. 

[0024] The second process: Form a protective coat 8 if needed. A protective coat 8 may already be formed in the 
so-called last process in a semi-conductor production process using an inorganic material, and also on an inorganic 
material, an organic material may be used for it and it may form it in piles. In this example, on the silicon dioxide 
formed of the silicon nitride formed by the insulator layer which consists of an inorganic material formed at the so- 
called last process in a semi-conductor process, for example, a CVD method etc., a tetra-ethoxy silane, etc., or the 
insulator layer which consists of those bipolar membrane, the photosensitive polyimide which is an organic material 
is applied and the protective coat 8 with a thickness of about 6 micrometers is formed by exposing, developing and 
hardening this. Thereby, a protective coat 8 is formed on the wafer 9 with which the semi-conductor was formed. 
Although thickness of a protective coat 8 was made into 6 micrometers in this example, necessary thickness 
changes with classes of the semiconductor device concerned, and the range becomes 1 thru/or about 10 
micrometers. In addition, although it does not matter even if it is formed so that the whole surface may be covered 
mostly, of course, as shown in drawing 33 - drawing 35 R> 5, even if this organic film is formed only in the field of 
the inorganic film which becomes near the aluminum pad 7, it is not cared about as shown in drawing 13 . In the 
case of the insulator layer which consists only of an inorganic material, the range of thickness becomes 3 
micrometers or less. Moreover, poly benzoxazole, poly benz-cyclo-butene, the poly quinoline, poly FOSUFAZEN, etc. 
can be used besides the photosensitive polyimide used in this application example. 

[0025] The third process: Carry out printing spreading of the paste-like polyimide ingredient in the formation 
schedule part of the stress relaxation layer 5. and make it harden by heating this after that. Thereby, the stress 
relaxation layer 5 is formed on a protective coat 8. 

[0026] The fourth process: Use the reverse pattern 1 7 of wiring and form a photoresist, after forming the electric 
supply film 16 for using for electroplating by approaches, such as a spatter. 

[0027] The fifth process: Perform electroplating using this electric supply film 16 and the reverse pattern 17 of 
wiring, and perform formation of the wiring 4 for rewiring, and the bump pad 3. Moreover, wiring 4 for rewiring is 
made into multilayer structure by repeating electroplating if needed. 

[0028] The sixth process: Etching processing removes the reverse pattern 1 7 of wiring which consists of a 
photoresist and the electric supply film 16 of electroplating. 

[0029] The seventh process: Form the surface protective coat 6 using a solder resist. And non-electrolyzed gilding 
2 is performed on the maximum front face of the bump pad 3 using this pattern. 

[0030] The eighth process: On the bump pad 3, connect a solder ball to the bump pad 3 by carrying and heating a 
solder ball with flux, and form a bump 1. 

[0031] The ninth process: A wafer dicing technique cuts the wafer 9 with which the semi-conductor was formed to 
a semiconductor device 13. 

[0032] Below, it attaches by the eighth process from the third above-mentioned process, and explains to a detail. 
[0033] First, the third process is explained. The mask used for printing has the usable thing of the same structure as 
the mask for printing used by soldering paste printing to a printed wired board etc. For example, as shown in drawing 
6 . the metal mask of the gestalt which stuck the stencil 25 made from a nickel alloy on the frame 27 through the 
resin sheet 26 can be used. Since a paste is damp and about 50 micrometers of pattern openings 28 of the mask for 
printing spread after printing, you may make it manufacture them the part and smallness which expected it As 
shown in drawing 7 , it is that paste printing sticks the mask for printing, and the pattern of the wafer 9 with which 
the semi-conductor was formed where alignment is carried out and a squeegee moves in the condition in a stencil 
25 top, and is filled up with the pattern opening 28. and it is raising the mask for printing relatively after that to the 
wafer 9 with which the semi-conductor's was formed, and the so-called contact printing which prints is performed. 
In addition, adhesion of the wafer said here and the mask for printing does not necessarily mean completely losing a 
clearance among both. Since the protective coat 8 is already partially formed on the wafer, it is because it is 
difficult practically to stick a printing mask without a clearance on this. At this example, it printed on printing 
conditions from which the clearance between a wafer and the mask for printing becomes 0-100 micrometers. In 
addition, the whole squeegee side of the mask for printing is coated with the first squeegee with a paste, the pattern 
opening 28 of the mask for printing is filled up with the second squeegee after that and an excessive paste is 
removed. Then, there is also the printing approach of raising the mask for printing relatively to the wafer 9 with 
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which the semi-conductor was formed. You may make it go up, although you may make it go up perpendicularly as 
shown in drawing 8 in case a printing mask is relatively raised to a wafer 9, moving so that it may have a tilt angle 
relatively. By giving a tilt angle, a version detached building angle in case a printing mask separates from a wafer 
tends to become homogeneity in a wafer side. Moreover, the printing mask will separate from one edge of a wafer 
toward the other end, at the moment of the last of a version detached building when a version omission tends to 
become unstable, will be performed in a field without a semiconductor device, and becomes advantageous also in 
respect of the improvement in the yield. Furthermore, when performing continuous printing to two or more sheet 
wafer using the same printing machine, it is good to insert the process which wipes the background of the mask 
version with proper timing. For example, in this example, when ten-sheet continuation printing was carried out, the 
background of the mask version was cleaned once, and printing of the 11th sheet was performed after an 
appropriate time. As for the timing of cleaning of a mask background, a count, and its approach, accommodation is 
needed suitably with the viscosity and solid content concentration of a paste ingredient, the amount of fillers, etc. 
[0034] A paste hardens by heating gradually the wafer 9 with which the semi-conductor with which printing 
spreading of the paste was carried out succeedingly was formed using a hot plate or a heating furnace, and 
formation of the stress relaxation layer 5 is completed. 

[0035] The ingredient for formation of the stress relaxation layer 5 currently used here is paste-like polyimide, and 
can be hardened by heating, after printing spreading is carried out on a protective coat 8. Moreover, the polyimide of 
the shape of this paste consists of a minute particle of the polyimide of a large number distributed the precursor of 
polyimide, a solvent, and in it. As a particle, it is specifically mean particle diameter 1 thru/or 2 micrometers, and the 
minute particle which has the particle size distribution from which a maximum grain size becomes about 10 
micrometers was used. Since the precursor of the polyimide used for this example will serve as the same ingredient 
as the minute particle of polyimide if it is hardened, when paste-like polyimide hardens, the uniform stress relaxation 
layer 5 which consists of one kind of ingredient will be formed. Although polyimide was used as a stress relaxation 
stratification ingredient in this example, it is also possible in this example to use amide imide resin, ester imide resin, 
ether imide resin, silicone resin, acrylic resin, polyester resin, the resin that denaturalized these in addition to 
polyimide. When using resin other than polyimide, it is desirable to give conversion to a resin presentation so that 
processing which gives compatibility to the above-mentioned polyimide minute particle front face may be performed 
or compatibility with the above-mentioned polyimide minute particle may be improved. In the resin which has imide 
association among the resin which carried out [ above-mentioned ] listing, for example, polyimide, amide imide, ester 
imide, and ether imide, it excels in a heat mechanical property, for example, the reinforcement in an elevated 
temperature etc., thanks to the firm frame by imide association, and ****** of the plating electric supply film 
formation approach for wiring spreads as the result. For example, the plating electric supply film formation approach 
accompanied by high temperature processing, such as a spatter, can be chosen. When it is resin with the part 
condensed in association other than imide association, such as silicone resin, acrylic resin, polyester resin, amide 
imide, ester imide, and ether imide, although a heat mechanical characteristic is inferior a little, it may be 
advantageous in respect of workability, a resin price, etc. For example, by polyester imide resin, generally, since 
curing temperature is lower than polyimide, it is easy to treat. In this example, a component property, a price, a heat 
mechanical characteristic, etc. are synthetically taken into consideration out of these resin, and these resin is used 
properly suitably. 

[0036] Since it becomes possible to aajust the visco-elastic property of an ingredient by distributing a polyimide 
minute particle into paste-like polyimide, the paste excellent in printing nature can be used. Since it becomes 
possible to control the thixotropy property of a paste by adjusting combination of a minute particle, a printing 
property is improvable by combining with adjustment of viscosity. Moreover, whenever [ tilt-angle / of the stress 
relaxation layer 5 ] can also be ac(justed. It is desirable for the suitable thixotropy property of a paste to have the 
so-called thixotropy index for which it asked from the ratio of the viscosity in engine-speed 1rpm measured using 
the rotational viscometer and the viscosity in engine-speed 10rpm in the range of 2.0 to 3.0 in this application 
example. In addition, when it is the paste with which temperature dependence appears in a thixotropy index, high 
results will be acquired if it prints in a temperature field in which a thixotropy index becomes the range of 2.0 to 3.0. 
[0037] After carrying out heat hardening of the polyimide of the shape of a printed paste, the stress relaxation layer 
5 which has a cross-section configuration as shown on the wafer 9 at drawing 9 is formed. Thus, although it may 
swell at the place of 200 thru/or 1000 micrometers and a part may exist from the edge section of the stress 
relaxation layer 5 if the stress relaxation layer 5 is formed by printing, about the location of this swelling part, and 
the existence of existence, the presentation of paste-like polyimide is adjusted, or it is changing the various" 
conditions in connection with printing, and becomes to some extent controllable. In addition, as various conditions in 
connection with printing in this case, **, such as metal mask thickness, a squeegee rate, the squeegee quality of the 
material, a squeegee include angle, squeegee ** (printing pressure), a version detached building rate, temperature of 
the wafer at the time of printing, and humidity of a printing environment are raised. Although the above-mentioned 
printing conditions can attain control of the height of the above-mentioned swelling part, or a configuration, there is 
also an approach by the structural adjustment of a protective layer 8 as the other control approaches. For example, 
if the formation field of the organic layer of a protective coat 8 is limited only near the pad 7 as shown in drawing 
36 . it is easy to make the stress relaxation layer of the part equivalent to the organic layer upper part heaped up. 
[0038] Moreover, as shown in drawing 1 , when it swells in the stress relaxation layer 5 and a part is formed 
positively, the deflection part of wiring 4 can be formed, it becomes the structure which is easy to absorb the stress 
by thermal expansion etc. by this, and an open circuit can be prevented more. It is desirable that about 25 
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micrometers of swelling parts which have 7 thru/or height of about 12 micrometers desirably are specifically formed 
at the maximum to the average thickness of the stress relaxation layer 5. If it is top-most vertices of this level, it 
can form enough by mask printing. For example, if a radius assumes this swelling section to be the shape of a semi- 
cylindrical shape which is 10 micrometers, the die length of the half-arc of the swelling section becomes (2x3.14x10 
micrometers) / 2= 31.4 micrometers, and the redundancy die length of wiring will become 42.8 micrometers when it 
forms in every one both sides of 31.4-10=21.4 micrometer and a stress relaxation layer about the one swelling 
section. Thus, since the redundancy section can be prepared in wiring 4. the thermal stress which acts on wiring 
structure and the soldered joint section is eased, therefore reliable wiring structure can be offered. In addition, it 
asks for the necessary thickness of this swelling section from the experiment and simulation which took into 
consideration the thickness of the stress relaxation layer 5 and an elastic modulus, the size of a semiconductor 
device 13, the power consumption of a semiconductor device, the physical-properties value of the circuit board 14 
in which a semiconductor device is carried, etc. For example, in this example, the diagonal die length of a 
semiconductor device 13 is made into L millimeters. If the maximum temperature requirement which the difference 
of the coefficient of linear expansion of the circuit board 14 in which a semiconductor device 13 and it are carried 
produces by ON/OFF under the substrate loading process of 15 ppm [ degree C ] /and a semiconductor device 13 

- actuation carries out to 200-degree Centigrade The maximum heat deformation which the wiring section receives 
[ a substrate mounting article ] by use by the real operating environment becomes 15(ppm/degree C) xL/2(mm) 
x200 (degree-C) =0.001 5xL millimeter. Therefore, when there were about 0.002xL millimeters of redundancy die 
length required of the above-mentioned swelling section, I thought that it was enough. It swells from this count, the 
section is approximated by the shape of a semi-cylindrical shape, and it was made for the height of that swelling 
part to be settled in L / the range of about 2000 - L/500 millimeter to the average thickness of the stress 
relaxation layer 5 in this example. 

[0039] When the thickness of the needed stress relaxation layer 5 is not formed by one printing and heat hardening, 
thickness predetermined by repeating printing and hardening of an ingredient two or more times can be obtained. For 
example, when a metal mask with a thickness of 65 micrometers is used using the solid content concentration 30 
thru/or 40% of paste, about 50 micrometers can be obtained as thickness after hardening by two printings. 
Moreover, especially about the bump 1 stationed in the part which distortion tends to concentrate when a 
semiconductor device 13 is connected to the circuit board 14, concentration of distortion can also be eased by 
limiting only to the stress relaxation layer 5 of the corresponding part, and thick-film-izing thickness, for this reason 

— being alike — for example, what is necessary is just to print multiple times using a different metal mask from 
what used paste-like polyimide by the 1st printing to the wafer 9 top with which the semi-conductor was formed 
Moreover, the thickness of a stress relaxation layer can also be partially changed by adjusting the structure of a 
protective layer 8 as the 2nd approach. For example, as shown in drawing 37 , Bump's X field [ directly under ] which 
a strain tends to concentrate uses only the protective layer which consists of inorganic film, and uses as a 
protective coat the compound layer in which the organic film was formed on the inorganic film, in other fields. If a 
stress relaxation layer is formed on such a protective coat, a loose ramp will be formed in the parts A of a place 
with the protective coat of the organic film, and the stress relaxation layer which is not. Now, for the thickness of 
1GPa and the organic film, in 10 micrometers, the average elastic modulus (GPa/micrometer) of the part which will 
consist of an organic protective coat and a stress relaxation layer supposing it is 3GPa(s) is set to (3x10+1x50) / 
60**1.3, and, on the other hand, the thickness of a stress relaxation layer of the average elastic modulus of the 
ramp in Part A is [ the elastic modulus / the elastic modulus ] 1 at 50 micrometers. Therefore, with such structure, 
it will distribute into the part in which the organic protective coat was formed from the periphery, and the thermal 
stress of a stress relaxation layer can prevent breakage of the bump in the periphery which thermal stress originally 
concentrates. In addition, it is not necessary to necessarily have a particle in a stress relaxation layer, and even 
when not distributing a particle during a paste, minimum viscoelastic property required for printing should just be 
secured. However, when not distributing a minute particle during a paste, the margin of the various conditions in 
connection with printing may become extremely narrow. 

[0040] The fourth process is explained succeedingiy. In this example, wiring 4 for rewiring was made two-layer [ of 
electrolytic copper plating and electric nickel ]. In addition, the end of the wiring 4 for rewiring may be used also 
[ pad / 3 / bump ]. Although here showed how copper and nickel form a conductor using electroplating, it is also 
possible to use nonelectrolytic plating. 

[0041] First, the electric supply film 16 for carrying out electroplating is formed all over a semiconductor wafer. 
Here, although it was possible to have used vacuum evaporationo, non-electrolytic copper plating, CVD. etc., the 
bond strength with a protective layer 8 and the stress relaxation layer 5 decided to use a strong spatter. As 
pretreatment of a spatter, in order to secure the flow between a bonding pad 7 and wiring 4 conductor for rewiring, 
sputter etching was performed. As spatter film in this example, the multilayers of chromium (75 nanometers)/copper 
(0.5 micrometers) were formed. The function of chromium here is to secure adhesion of the copper, stress 
relaxation layer, etc. which are located up and down, and the thickness has the desirable minimum which maintains 
those adhesion. When chromium thickness becomes thick, membrane formation time amount will increase, in addition 
to the problem that productive efficiency falls, a protective layer 8 and the stress relaxation layer 5 will be put to 
the plasma of the high energy condition generated in a spatter chamber over long duration, and there is a danger 
that the ingredient which forms these layers will deteriorate. In addition, although necessary thickness is changed by 
the conditions of sputter etching and a spatter, the membraneous quality of chromium, etc.. it is 0.5 micrometers at 
the maximum in general. In addition, it replaces with the chromium film used by this example, and the titanium film. 
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titanium / platinum film, and a tungsten can also be substituted. On the other hand, when the electrolytic copper 
plating and electric nickel plating which are performed at a next process are performed, the minimum thickness of 
the thickness of spatter copper which thickness distribution of the plating film does not produce is desirable, and it 
determines the thickness which does not induce thickness distribution after also taking into consideration the 
amount of film decreases in acid washing performed as plating pretreatment. In the case of the copper thickness 
exceeding 1 micrometer, when thickness of spatter copper is made thick beyond the need, spatter time amount 
becomes long, in addition to the problem that productive efficiency falls, long duration etching is not avoided in the 
case of etching removal of the electric supply film 16 carried out at a next process, but side etching of the wiring 4 
for rewiring becomes large as the result. By simple count, in etching the 1 -micrometer electric supply film, also in 
wiring, 2-micrometer etching takes place on 1 micrometer of one side, and both sides. In actual production, since 
carrying out over etching is generally performed so that the etching remainder of the electric supply film may not 
occur, when etching the 1 -micrometer electric supply film, side etching of about 5 micrometers of the wiring will be 
carried out. If side etching becomes large in this way, wiring resistance becomes large, or it will become easy to 
induce an open circuit and will be easy to generate a problem in the viewpoint of the wiring engine performance. 
Therefore, the thickness of spatter copper becomes 1 micrometer at the maximum in general. 
[0042] Next, the reverse pattern configuration 1 7 of the wiring 4 for rewiring is formed using a resist using a phot 
lithography techniques. The thickness of the resist in the edge section of the stress relaxation layer 5 shown by B in 
drawing 4 becomes thick by the resist which flowed out of the slant surface part compared with other locations. For 
this reason, the negative mold is more desirable in order to secure resolution. As a resist, when a liquefied resist is 
used, resist thickness tends to become thin and there is an inclination for resist thickness to tend to become thick 
conversely, in the slant-face lower part in the slant-face upper part of the edge section of the stress relaxation 
layer 5 shown by B in drawing 4 . Large development tolerance is needed for carrying out patterning of the resist 
from which thickness differs in the slant-face upper part and the slant-face lower part on the same same light 
exposure and development conditions. Generally, since the negative-mold sensitization property resist was larger 
than a positive type sensitization property resist, the development tolerance to thickness used the liquefied resist 
of a negative mold in this example. In addition, in using a film resist, since it does not generate, ****** in the slant- 
face upper and lower sides becomes usable also with a negative mold or a positive type, but since a slant surface 
part will be exposed from across and the real optical path length becomes long, if a negative mold is used also in 
this case, good results will be obtained in many cases. A negative mold is desirable especially when using a film 
resist with weak case where the inclination of the edge section of the stress relaxation layer 5 is large and 
breeching property. In this example, as shown in drawing 10 . the exposure mask 21 and the resist 22 stuck and the 
exposure machine of the type which has a clearance 20 in a part was used. The resolution limit in this exposure 
machine was about 10 micrometers in the case where the mask 21 for exposure and a resist 22 stick. According to 
our experimental result, the clearance 20 between the exposure mask 21 lower parts and the relation of the wiring 
width of face to resolve came to be shown in Table 1. In addition, the value in Table 1 changes with the ratios of the 
optical system and the development conditions of an exposure machine, the sensibility of a resist resist hardening 
conditions, and wiring width of face / wiring spacing etc. The experimental result shown in Table 1 is a value in case 
the ratio of wiring width of face / wiring spacing is 1.0. 
[0043] 
[Table 1] 
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[0044] Signs that a connection 23 and the bump putt 3 with an aluminum pad are connected to drawing 1 1 with the 
wiring 4 for rewiring are shown. In the case of the aligner used by this example, since the clearance between the 
lower parts of the exposure mask which is the axis of abscissa of Table 1 supports the thickness of a stress 
relaxation layer mostly, if the thickness of a stress relaxation layer is 60 micrometers, for example, the width of face 
of wiring is resolvable to 25 micrometers. Therefore, wiring width of face of a signal line can be made into 25 
micrometers, and it can also wire by making wiring width of face of a power source or a grand line into 40 
micrometers. Moreover, it is also possible to make thick a part of the signal line, using wiring of a signal line as 25 
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micrometers. 

[0045] The wiring 4 for rewiring in near the ramp of the stress relaxation layer 5 is expanded and shown in drawing 
12 . As mentioned above, since resist thickness served as an ununiformity near the edge section of the stress 
relaxation layer 5, there was an inclination which a underdevelopment tends to generate in the field. Signs that the 
underdevelopment has actually happened to drawing 13 in the edge part of the stress relaxation layer 5 are shown. 
In this example, it solved by improving a surroundings lump of a developer for this cure. When it illustrates more 
concretely, they are policies, such as changing a circuit pattern configuration, as shown in drawing 14 or drawing 15 . 

[0046] Drawing 14 shows the case where drawing 15 makes thick wiring width of face of only the edge part of the 
stress relaxation layer 5 with bad definition for the case where wiring width of face is made thick from the 
connection 23 with an aluminum pad to near the summit of the stress relaxation layer 5. In addition, the wiring width 
of face in these drawing 14 R> 4 and drawing 15 is determined in consideration of the resolving property shown in 
the thickness and Table 1 of the stress relaxation layer 5. How to cancel the development remainder by extending 
developing time as other solutions is also considered. Moreover, since light diffracts in respect of a mask, it may 
originate in a clearance 20 existing under the exposure mask 21, and a definition fall and a pattern precision fall may 
take place. 

[0047] As a solution of this phenomenon, optical-system modification of (1) exposure machine, breeching nature 
amelioration of (2) resists, prebaking condition rationalization of (3) resists, (4) multistage exposure, etc. are raised. 
If one example is given about modification of the optical system of an exposure machine, the policy that NA value 
uses 0.2 or less or more 0.0001 exposure machine will be raised. The definition of a pattern and precision can be 
improved by combining suitably the device on the process of not only the example given here but well-known 
common use. 

[0048] Since the edge section of the stress relaxation layer 5 has the description on the structure which the stress 
produced by the difference in the physical-properties value of a wafer and the stress relaxation layer 5 tends to 
concentrate, an open circuit can also be effectively prevented by making wiring thick by the ramp of the stress 
relaxation layer 5. In addition, you may make it change the width of face of wiring with a power source / grand line, 
and a signal line, as it is necessary to not necessarily make no wiring into the same size for example, and is shown in 
drawing 16 . In this case, when an electric property is taken into consideration, it is desirable to make a power 
source / grand line thicker than a signal line generally. It is because the capacity component which wiring has by 
this increases and effect is done at the time of high-speed operation, when a signal line is made thick. Conversely, 
since the effectiveness that supply voltage is stabilized is expectable if a power source / grand line is made thick, it 
is desirable rather. Therefore, it is desirable to consider as the pattern which made the edge circumference thick so 
that it may illustrate, and only the part which stress concentrates can be eased at worst about wiring for signals, 
and to make a ramp thick uniformly about wiring for the object for power sources or glands. On the other hand, 
about the flat part in which the stress relaxation layer is not formed, signal wiring is made thin in consideration of 
the effect of the capacity component of wiring. However, it is necessary to take this into consideration with the 
class of semiconductor device, or its circuit pattern each time. For example, although it is dependent also on a 
semiconductor device or its circuit pattern, since big effectiveness is in capacity reduction of wiring when the 
thickness of a protective coat 8 is increased, when signal wiring must be made thick by the fiat part in which the 
stress relaxation layer is not formed, it is desirable to form a protective coat 8 thickly. When increasing wiring width 
of face 10%, specifically, it is desirable to also increase the thickness of a protective coat 8 about 10%. On the other 
hand, the wiring width of face in the up flat part of a stress relaxation layer receives a limit from signal-line capacity 
with a wiring consistency rather. That is, the upper limit of the wiring width of face in the up flat part of a stress 
relaxation layer is calculated from the alignment accuracy in the path of the wiring number which it lets pass at 
spacing of a bump pad, and a bump pad, and a wiring formation process etc. If an example is shown concretely, when 
bump pad spacing will pull 3 wiring between 300 micrometers of diameters of a pad, and a pad by 0.5 millimeters, it is 
(500-300) / (3x2-1) =40. It becomes the count to say. From this count result they could be average wiring width of 
face / wiring spacing =40 micrometer by this example. 

[0049] The fifth process is explained. In this example, copper plating was carried out using sulfuric-acid acidity 
copper-plating liquid. After electrolytic copper plating performed washing by the surfactant, rinsing, washing by the 
dilute sulfuric acid, and rinsing, it connected the electric supply film 16 to cathode, and connected and carried out 
the copper plate containing Lynn to the anode plate. 

[0050] Then, electric nickel plating is performed. In addition, when washing by the surfactant, rinsing, washing by the 
dilute sulfuric acid, and rinsing are performed before electric nickel plating, there is an inclination for the electric 
nickel-plating film of good membraneous quality to be easy to be obtained. Electric nickel plating connected the 
electric supply film 16 to cathode, connected the nickel plate to the anode plate, and werrt Although the nickel- 
plating bath of the gap which is not well-known common use of electric nickel plating suitable at this example could 
also be usable and the Watts bath system or the sulfamine bath system was sufficient as it it was performed using 
the Watts bath system under the plating conditions adjusted so that plating film internal stress might become the 
proper range by this example. Although there is a fault that a sulfamine bath has the inclination which a plating liquid 
component tends to decompose a little an expensive top compared with a Watts bath, coat stress tends to control 
it On the other hand, since coat stress generally tends to become large, a Watts bath has the fault that the danger 
that a crack will go into a wiring layer for the coat stress (tensile stress) which self has increases, when thick-film 
plating is carried out. Although the Watts bath was used in this example, when using a sulfamine bath, or when using 
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a Watts bath, it is good to carry out, after carrying out beforehand the model experiment for asking for the proper 
range of whenever [ class / of additive (coat stress inhibitor) / and concentration, plating current density, and 
plating solution temperature ]. It carried out, after searching for beforehand the conditions from which these are 
controlled by this example proper, and a crack does not go into wiring in 10 micrometers or less of thickness. In 
addition, plating membrane stress is one of the indexes in connection with the metallic crystal stacking tendency of 
depositing nickel, and in order to control growth of the solder diffusion layer mentioned later, it is necessary to 
control it proper. If membrane stress galvanizes under the conditions controlled proper, a plating coat will come to 
carry out the eutectoid of the minor constituent of the amount of specification. For example, in the case of the film 
containing 0.001 - 0.05% of sulfur, the content of a specific crystal orientation side increases. Speaking more 
concretely, the content sum total of the orientation sides 111, 220, and 200 and 311** becoming 50% or more. The 
thickness of electric nickel plating determines an optimum value with the class and reflow conditions of the solder 
used at a subsequent process, and the product property (mounting gestalt) of a semiconductor device. What is 
necessary is just to determine that the thickness of the alloy layer of the solder and nickel which are formed in the 
case of a solder reflow or mounting repair will specifically become more than nickel-plating thickness. The thickness 
of the above-mentioned alloy layer becomes so large [ it is so large that the concentration of the tin in solder is 
high, and ] that reflow upper limit temperature is high. Thus, when the nickel layer was formed after copper wiring as 
wiring for rewiring, wiring for rewiring receives deformation with the thermal stress committed between a 
semiconductor device and the circuit board and the stress is released after that, wiring for rewiring can return to 
the configuration before deformation by the spring nature of a nickel layer. For example, it deforms in the form 
which the wiring 4 for rewiring currently formed a stress relaxation layer and on it stuck to each other according to 
an operation of the thermal stress caused by actuation of a semiconductor device. The deflection part of the 
redundancy part of wiring for rewiring in the swelling part of a stress relaxation layer is used for deformation of 
wiring for rewiring at this time. Then, when it is released from thermal stress etc. and a stress relaxation layer 
returns to the original configuration, for wiring for rewiring, only in copper wiring, copper wiring is a pile to return in 
the original wiring configuration at own spring nature of copper wiring. On the other hand, if a nickel layer is formed 
after copper wiring, wiring for rewiring (copper wiring) can return to the original configuration easily by the spring 
nature of the nickel layer. In addition, being formed after copper wiring may have spring nature comparable as a 
nickel layer not only on a nickel layer but on copper wiring. Moreover, to form wiring which is elastic instead of 
copper wiring, a nickel layer is necessarily unnecessary. 

[0051] At the sixth process, after performing electrolytic copper plating and electric nickel plating, the resist 17 
which is the reverse pattern of wiring is removed, and the electric supply film 16 which formed membranes 
beforehand by carrying out etching processing is removed. Although there was a class of ferric chloride, alkali 
system etching reagent, etc. of copper etching, in this example, the etching reagent which uses a sulfuric 
acid/hydrogen peroxide solution as a principal component was used. If there is no etching time for 10 seconds or 
more, control will become difficult, and since it will also produce the problem that side etching becomes large or a 
baton becomes long in etching, for example exceeding 5 minutes if too much long time amount etching is performed 
although it is disadvantageous in a practical viewpoint an etching reagent and etching conditions are good to ask by 
experiment suitably. By this example, the etching reagent which uses potassium permanganate and a meta-silicic 
acid as a principal component was used for etching of the chromium part of the electric supply film 16 carried out 
succeedingly. In addition, the above-mentioned electric nickel-plating film is functioning also as etching resist in the 
case of etching of the electric supply film 16. Therefore, it is good to take into consideration the etch selectivity of 
nickel, copper and nickel, and chromium, and to determine the presentation component of an etching reagent, and 
etching conditions. For example, speaking concretely, by the sulfuric-acid hydrogen-peroxide etching agent used in 
the case of copper etching, making the content of a sulfuric acid into 15% or less desirably 50% or less at the 
maximum. Thereby, copper can be etched by about 10-time etch selectivity to nickel. 

[0052] At the seventh process, only the bump pad 3, the cutting section 24, and its perimeter formed the surface 
protective coat 6 which carried out opening, and formed gold in the bump pad section 3 by carrying out non- 
electrolyzed gilding succeedingly. Here, after using a solder resist as a surface protective coat 6 and applying this all 
over a semiconductor device 13, a pattern is formed in exposing and developing negatives. In addition, it is also 
possible to use ingredients other than a solder resist, such as photosensitive polyimide and polyimide for printing, 
and to form the surface protective coat 6. By passing through the above processes, the surface protective coat 6 
will cover completely the wiring 4 for rewiring, the stress relaxation layer 5, a protective coat 8, etc. For this reason, 
the surface protective coat 6 can inhibit that the wiring 4 for rewiring, the stress relaxation layer 5, and a protective 
coat 8 deteriorate, exfoliate and corrode with the stimulative matter. 

[0053] Even at this seventh process, the wiring 4 for rewiring from the aluminum pad 7 to the bump pad 3 and the 
bump pad 3 are formed, as shown on the wafer 9 with which the semi-conductor was formed at drawing 1 7 and 
drawing 2 . 

[0054] At the eighth process, a bump is formed using solder ball loading equipment and a reflow furnace. That is. the 
flux and the solder ball of the specified quantity are carried on the bump pad 3 by using solder ball loading 
equipment. Under the present circumstances, temporary immobilization of the solder ball is carried out by the 
adhesion of flux on a bump pad. It is once fusing a solder ball and solidifying again after that in throwing into a reflow 
furnace the semiconductor wafer with which the solder ball was carried, and becomes the bump 1 linked to the 
bump pad 3 shown in drawing 1 . In addition, there is also the approach of forming a bump 1 by carrying out printing 
spreading of the soldering paste on the bump pad 3 using a printing machine, and carrying out a reflow of this. Also 
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in which approach, it becomes possible [ a solder ingredient ] to choose various things, and many of solder 
ingredients currently supplied to the commercial scene in this time can be used. In addition, although a solder 
ingredient is limited, it is using a plating technique and there is also the approach of forming a bump 1. Moreover, the 
bump who formed using the resin which blended the bump who used the ball which used gold and copper as the 
nucleus, and the electrical conducting material may be used. 

[0055] By passing through the process from the first process to the ninth process, it has the stress relaxation layer 
5 shown in drawing 1 , and the wiring 4 for rewiring is formed by the small routing counter, and the semiconductor 
device 13 with which the flection which stress moreover concentrates in the middle of the wiring 4 for rewiring does 
not exist can be realized. Moreover, pattern formation of the stress relaxation layer 5 which is an insulating layer of 
a thick film can be carried out by using a printing technique, without using exposure and a development technique, 
and the stress relaxation layer 5 can have a slant face for forming the wiring 4 for rewiring. 
[0056] According to this example, even when under—filling is not carried out but flip chip bonding of the 
semiconductor device 13 is carried out, the connection dependability of a semiconductor device 13 improves 
sharply. For this reason, it turns out that the flip chip bonding which does not use under-filling in many electric 
products becomes possible according to this example, and it becomes possible to reduce the prices of various 
electric products. Furthermore, since under— filling is not carried out, removal of a semiconductor device 13 is 
attained. That is, when the semiconductor device 13 linked to the circuit board is a defective, it becomes possible to 
remove a semiconductor device 13 from on the circuit board, and to reproduce the circuit board, and it becomes 
possible to reduce the prices of various electric products also by this. 

[0057] Next, the ingredient of the stress relaxation layer 5 concerning this example is explained. Although the 
ingredient for stress relaxation layer 5 formation used most suitably at this example is paste-like polyimide, not only 
this but conversion amide imide resin, ester imide resin, ether imide resin, polyester resin, conversion silicone resin, 
conversion acrylic resin, etc. are sufficient as it. In the resin which has imide association among the resin which 
carried out [ above-mentioned ] listing, for example, polyimide, amide imide, ester imide, and ether imide, it excels in 
a heat mechanical property, for example, the reinforcement in an elevated temperature etc., thanks to the firm 
frame by imide association, and ****** of the plating electric supply film formation approach for wiring spreads as 
the result For example, the plating electric supply film formation approach accompanied by high temperature 
processing, such as a spatter, can be chosen. When it is resin with the part condensed in association other than 
imide association, such as silicone resin, acrylic resin, polyester resin, amide imide, ester imide, and ether imide, 
although a heat mechanical characteristic is inferior a little, it may be advantageous in respect of workability, a resin 
price, etc. For example, by polyester imide resin, generally, since curing temperature is lower than polyimide, it is 
easy to treat. In this example, a component property, a price, a heat mechanical characteristic, etc. are synthetically 
taken into consideration out of these resin, and these resin is used properly suitably. Two or more kinds are blended, 
a coupling agent, a coloring agent, etc. for improving an adhesive property with various interfaces to this are 
blended, and the ingredient for stress relaxation layer 5 formation can use [ independent or ] resin, such as epoxy, a 
phenol, polyimide, and silicone. 

[0058] Although the elastic modulus of the stress relaxation layer 5 can apply the thing of 0.1 to 10.0GPa extent in 
a room temperature, what has an elastic modulus lower than common polyimide is desirable. In being too small, in 
case it performs the formation of a projection electrode and the functional test of this semiconductor device which 
are mentioned later by an elastic modulus being less than 0.1GPa(s), we become easy to deform a wiring part and 
are anxious about problems, such as an open circuit Moreover, if the elastic modulus of the stress relaxation layer 5 
becomes large exceeding 10.0G, the reduction effectiveness of sufficient stress will not be acquired, but we are 
anxious about the connection dependability at the time of carrying this semiconductor device in a substrate falling. 
[0059] Furthermore, as for the curing temperature of the charge of stress relaxation layer 5 material, it is desirable 
to use the thing from 100 degrees C to 250 degrees C. It is because wafer stress increases by the heat shrink at 
the time of hardening cooling or there is concern from which the property of a semiconductor device changes, when 
management within the process at the time of semi-conductor manufacture is difficult and curing temperature 
becomes high from this when curing temperature is lower than this. Since the stress relaxation layer after hardening 
is exposed to various processes, such as a spatter, plating, and etching, properties, such as thermal resistance, 
chemical resistance, and solvent resistance, are also required, concrete — as thermal resistance — the glass- 
transition temperature (Tg) — 150 degrees C — super it is desirable that it is 400 degrees C or less, and Tg is 

[ 180 degree C or more of Tg(s) ] 200 degrees C or more most preferably more desirably. Drawing 41 is an 
experimental result which shows the relation between glass transition temperature (Tg) and coefficient of linear 
expansion. This shows that the crack has not occurred, if glass transition temperature (Tg) is 200 degrees C or 
more. In addition, the coefficient of linear expansion (alpha 1) in the field below [ the viewpoint which stops the 
deformation in various temperature processings in a process to ] Tg is so desirable that it is small. It is so good that 
it is specifically close to 3 ppm. Although a low spring material generally has a large coefficient of linear expansion in 
many cases, as for the range of the coefficient of linear expansion of stress relaxation layer 5 ingredient suitable at 
this example, it is desirable that it is the range of 3 ppm - 300 ppm. It is the range of 3 ppm - 200 ppm more 
preferably, and the range of the most desirable coefficient of linear expansion is 3 ppm - 150 ppm. On the other 
hand, as for pyrolysis temperature (Td), it is desirable that it is about 300 degrees C or more. When Tg and Td are 
less than these values, there is a danger that deformation of resin, and deterioration and decomposition will take 
place at a spatter or a sputtering etch process as the heat process in the inside of a process. When it says from a 
chemical-resistant viewpoint it is desirable for resin deterioration of discoloration, deformation, etc. not to take 
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place 30% by the immersion of 24 hours or more to a sulfuric-acid water solution or 10% sodium- hydroxide water 
solution. As solvent resistance, it is desirable to set a solubility parameter (SP value) to 8-20(cal/cm3) 1/2. When 
the object for the stress relaxation layers 5 is the ingredient which comes to carry out conversion of some 
components to base resin, it is desirable for the greater part of the presentation to have said the range of the 
above-mentioned solubility parameter. Speaking more concretely, it being desirable for less than 8 and a 20 super- 
****** component not to contain [ the solubility parameter (SP value) ] more than 50 % of the weight. When such 
chemical resistance and solvent resistance are insufficient, an applicable manufacture process may be limited and it 
is not sometimes desirable from a viewpoint of manufacturing cost reduction. After taking into consideration 
synthetically actually the ingredient cost and the process degree of freedom with which are satisfied of these 
properties, it is good to determine the ingredient for stress relaxation layer 5. 

[0060] Then, the relation between the thickness of a stress relaxation layer, wafer stress, and alpha rays is 
explained. Drawing 18 shows the thickness of a stress relaxation layer, and the relation of wafer stress. When 
diameter the wafer of 8 inches is made to apply and harden a stress relaxation layer, if thickness becomes thick 
rather than 150 micrometers, wafer stress becomes large, and as shown in drawing 18 , the crack of a wafer, peeling 
of an insulator layer, etc. will become easy for the curvature of a wafer to become large or to generate it. 
[0061] On the other hand, the relation between the thickness of a stress relaxation layer and the amount of alpha 
rays which penetrates the inside of a stress relaxation layer was shown in drawing 19 . It generates by collapse of 
uranium, thorium, etc. which are contained as an impurity in the solder used for a semiconductor device, and alpha 
rays cause malfunction of the transistor section. If the thickness of a stress relaxation layer becomes thicker than 
35 micrometers as shown in drawing 19 , alpha rays will hardly be penetrated, and the problem of malfunction by 
alpha rays is not produced. Since alpha rays will penetrate if the thickness of a stress relaxation layer becomes thin 
from 35 micrometers on the contrary, it turns out that malfunction by alpha rays becomes easy to take place. 
[0062] Connection dependability with the substrate in which it prevented that alpha rays reached to the circuit part 
formed in the semiconductor device front face from these relation by making thickness of a stress relaxation layer 
into 35 micrometers or more 150 micrometers or less, and a semiconductor device and this were carried is 
securable. In addition, the part which cannot be easily influenced [ the memory cell 110 grade which is easy to 
receive incorrect actuation of the part which is easy to be influenced of alpha rays depending on the configuration 
of a semiconductor device, for example, a transistor, and ] of alpha rays is in the same component. Then, it can 
prevent that alpha rays reach to the circuit part formed in the semiconductor device front face by making thickness 
of a stress relaxation layer into 35 micrometers or more 150 micrometers or less to the part which is [ as opposed 
to / especially / alpha rays ] easy to be influenced, as shown in drawing 20 and 21. In addition, even if it makes it 
less [ the thickness of the stress relaxation layer formed in the field which cannot be easily influenced of alpha 
rays ] than 35 micrometers, it is satisfactory in the viewpoint of alpha-rays electric shielding. As it follows, for 
example, is shown in drawing 21 , alpha-rays electric shielding forms the stress relaxation layer of a required field 
thickly, in other fields, a stress relaxation layer can be formed thinly, and average thickness of the whole stress 
relaxation layer can also be made into 35 micrometers or more 150 micrometers or less. When giving such a device, 
it is desirable to consider as the configuration of the semiconductor device which took into consideration the 
magnitude of the thermal stress strain concerning each bump. Since such a stress relaxation layer thicker [ be easy 
to receive a thermal stress strain and ] that it generally goes to the periphery of a semiconductor device 13 is 
needed, it is good to arrange the transistor field which is easy to be influenced to alpha rays on the periphery of a 
semiconductor device 13, and to arrange the field which cannot be easily influenced to alpha rays near the center of 
a semiconductor device 13. For example, as shown in drawing 38 , it is also possible to make thickness of the stress 
relaxation layer 5 so gradually thick [ near the center of a semiconductor device 13 is thin, and ] that it go to the 
periphery section. In this case, since a connection angle becomes small while connection height becomes large 
compared with other bumps, the bump's herself stress relaxation function increased and the bump near a center has 
substituted for the stress relaxation function of the stress relaxation layer 5 which became thin. In addition, as 
shown at drawing 39 in the case of the semiconductor device 13 which has the field which is not influenced at all of 
alpha rays, as long as it arranges the field which is not influenced of alpha rays near the center of a semiconductor 
device 13, the stress relaxation layer 5 may not be formed near the center of a semiconductor device 13. Next, the 
example of the stress relaxation layer which includes the particle from which a stress relaxation layer and a 
presentation differ as other examples is explained. 

[0063] The particle contained in the stress relaxation layer 5 mentioned above is the same ingredient as the stress 
relaxation layer 5, and has the same physical properties. It can have viscoelastic property required for printing 
because a particle distributes in a stress relaxation layer. 

[0064] However, with this structure, since a physical-properties value changes rapidly on the boundary of a wafer 
and the stress relaxation layer 5, thermal stress etc. may concentrate on that boundary part, and wiring may carry 
out an open circuit etc. 

[0065] Then, the property of the stress relaxation layer 5 formed on the circuit forming face of a wafer is changed in 
the thickness direction, and it was made for the property of the stress relaxation layer by the side of a wafer front 
face to become close to the property of a wafer in this example. 

[0066] The open-circuit prevention of the wiring section of the stress of the force discontinuous to wiring which 
lessened the difference of the property in the boundary section a wafer top face and under a stress relaxation layer, 
and established rt on these by this, the tension by expansion contraction of a stress relaxation layer, or compression 
and bending is attained by making it not join the wiring section. 
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[0067] Furthermore, the substrate side with which the property of the stress relaxation layer 5 by the side of a 
wafer carries near and this semiconductor device in a wafer is effective not only in wiring on the stress relaxation 
layer 5 but the improvement in a connection life of the connection of this semiconductor device and said substrate 
by carrying out near to the property of the substrate. 

[0068] Here, a coefficient of thermal expansion or an elastic modulus can be considered as a property of changing 
gradually in the thickness direction of the stress relaxation layer 5. And as a concrete means to change the 
property of a stress relaxation layer, as shown in drawing 22 , the silica particle 102 which is an insulating particle is 
blended, distribution of the loadings of the silica particle 102 is given in the thickness direction of the stress 
relaxation layer 5, and a coefficient of thermal expansion and an elastic modulus are changed gradually. In the part 
over which many silica particles 102 are distributed, an elastic modulus becomes [ the coefficient of thermal 
expansion of the stress relaxation layer 5 ] small highly. On the other hand, if the loadings of the silica particle 102 
decrease, a coefficient of thermal expansion will become large and an elastic modulus will become low. 
[0069] By performing distribution of the circuit formation on a wafer, the stress relaxation stratification, and a silica 
particle, wiring formation on a stress relaxation layer, etc. in the state of a wafer, there are little simplification of a 
whole process, variation at the time of manufacture, etc., and the improvement in a life of the wiring section is 
possible also for the production process of the semiconductor device in this example. 

[0070] In this example, one kind or the particle which blends two or more kinds and consists of organic materials, 
such as polyimide and silicone, if needed may be suitably blended for the particle which consists of inorganic 
materials, such as the silica and alumina which are an insulating particle for adjusting an elastic modulus and heat 
expansion to the stress relaxation layer 5, and boron nitride. 

[0071] Furthermore, since malfunction by the ultraviolet rays of the circuit section formed on modifiers, such as 
thermoplastics which raises the elongation after fracture and the breaking strength of the coupling agent and the 
resin which consists of alkoxysilane, titanate, etc. for adhesive improvement with the various interfaces which 
constitute a silica particle and an insulating resin layer, and a wafer etc. prevents, it is possible to also blend the 
hardening accelerator for promoting the hardening reaction of the color for coloring an insulating resin layer, a 
pigment, and a resin layer etc. 

[0072] As the formation approach of the stress relaxation layer 5 of having changed the property in the thickness 
direction, the liquefied stress relaxation layer 5 which comes to blend the ingredient of said publication, for example 
is applied on the circuit side of a wafer, it is the process which carries out heat hardening of this stress relaxation 
layer 5, and there is a method of make the insulating particle which consists of a blended silica sediment gradually to 
a wafer side. If a particle with smaller particle diameter cannot sediment easily early, sedimentation turns a wafer 
down and a particle with larger particle diameter performs heat hardening of a stress relaxation layer when the 
particle diameter of a silica particle has distribution, distribution of a property will be formed in the thickness 
direction of a stress relaxation layer. 

[0073] As an approach of controlling concentration distribution in the direction of thickness of the silica particle 
blended with the stress relaxation layer 5, the curing temperature of insulating resin and a curing temperature profile 
are acljusted suitably, or there is a method of changing the particle size distribution of insulating particles, such as 
an approach, a silica particle, etc. which blend suitably the reaction inhibitor for delaying the loadings of the 
hardening accelerator for bringing advance of hardening forward, a class, or hardening etc. 

[0074] A silica particle applicable to this example can apply what fused and crushed the lump of the ingot-ized silica, 
the thing which carried out heating fusion and conglobated the silica particle again after crushing a silica ingot, the 
silica particle compounded further. The particle size distribution and loadings of a silica particle can be variously 
changed according to the magnitude of the semiconductor device which applies the structure of this example, 
thickness, a degree of integration, the thickness of the stress relaxation layer 5, and the particle size of a particle 
and the class of substrate to carry. 

[0075] When forming the stress relaxation layer 5 by print processes, it may be necessary to change distribution of 
particle diameter also with the dimension of the mask applied depending on the approach of printing. 
[0076] In addition, the stress relaxation layer 5 does not need to be formed by one printing, and as shown in drawing 
23 , it may be formed by at least two printings or more. Furthermore, the loadings of the silica particle contained in 
each layer are changed, and you may print 

[0077] In this example, since the physical properties of the part in which wiring is formed do not change from the 
circuit section of a wafer rapidly in the phase of resulting in the electrode prepared on the stress relaxation layer, 
the big force does not concentrate on some wiring and open-circuit prevention of wiring is attained. 
[0078] Next, an example of the example of the semiconductor device 13 which made thin thickness of the stress 
relaxation layer 5 of bump 1 directly under which exists in the circumference approach of a semiconductor device 
13 compared with other parts is explained using drawing 24 . As for bump 1a of the outermost periphery, only in 
delta, in this example, height is low compared with bump 1b of that one inside. 

[0079] There is a method of changing the rate of the solvent under printing conditions, such as existence of the 
minute particle contained in stress relaxation stratification ingredients, such as a paste-like polyimide ingredient, a 
configuration of a particle, combination and a print speed, a version detached building rate, and a count of printing, 
and paste etc. as an approach of making thickness of the stress relaxation layer 5 thin about the periphery of a 
semiconductor device 13. 

[0080] In bump 1a which generally exists in the circumference approach of a semiconductor device 13, a big 
distortion has arisen compared with other bump lb etc. with the various loads after connecting a semiconductor 
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device 13 to the circuit board 14. For example, since the coefficient of linear expansion of a semiconductor device 
13 and the circuit board 14 differs, at the time of a temperature rise, such a big distortion generates them that it is 
set to bump la of the circumference approach of a semiconductor device 13. When this distortion is large, or when 
carrying out a repeat operation, it is easy to destroy bump la from the circumference of a semiconductor device 13. 

[0081] as [ showed / the bump 1 / when thickness of the stress relaxation layer 5 was made thin about the 
circumference approach of a semiconductor device 13, and it became possible to control the configuration of the 
corresponding bump 1 of a part and connected with the circuit board 14 / as it was in this example, / drawing 25 ] - 
- longwise — it is set to bump 1aa. such — longwise — in bump 1aa, since the volume itself is the same as that of 
the other bumps 1, the contact angle of a bump 1 and the bump pad 3 and the contact angle of a bump 1 and the 
pad on the circuit board 14 become large. That is, it is set to alpha1>alpha2 and beta1>beta2 in drawing 25 . 
[0082] The stress concentration to the connection of a bump and Bud will be eased because a contact angle 
becomes large. Thus, the connection dependability of a semiconductor device 13 and the circuit board 14 can be 
raised by making thickness of the stress relaxation layer 5 thinner about the bump pad 3 formation part of the 
periphery of a semiconductor device 13 than other parts, and making a bump's 1 configuration longwise. In addition, 
the cross-section configuration of the stress relaxation layer 5 can be designed within limits which do not have 
trouble at the time of connection of as opposed to the circuit board 14 of a semiconductor device 13 in a bump's 1 
height, and can consider various things. 

[0083] The magnitude of delta is determined in consideration of the bump height variation allowed value at the time 
of the functional test of the stress relaxation characteristic required of aa and the longwise bump 1(2) 
semiconductor device 13 which are located in the (1) outermost periphery, the bump height variation allowed value 
at the time of the connection to the circuit board 14 of the (3) semiconductor device 13, etc. If it describes more 
concretely, the above-mentioned stress relaxation characteristic can be found from the elastic modulus of the 
stress relaxation layer 5, and the size of a semiconductor device 13. On the other hand, about the variation at the 
time of a functional test and connection, after also taking into consideration deformation of a solder bail and the 
stress relaxation layer 5, those allowed values are calculated. For example, if a functional test pushes an inspection 
fixture from a bump top face and is made to deform the stress relaxation layer 5, it can carry out a functional test in 
the condition that bump height variation does not exist substantially. Even if it performs such actuation, since the 
modulus of elasticity is fairly low compared with a solder bump ingredient, rather than deformation of a solder bump, 
deformation of the stress relaxation layer 5 gives priority to the stress relaxation layer 5, it happens, and a blemish 
is not attached to a solder bump. So, even if the value of delta demanded from a stress relaxation characteristic 
becomes larger than the bump height variation demanded with functional test equipment, if it is the range which can 
respond according to deformation of the stress relaxation layer 5, it will not interfere. Moreover, since a stress 
relaxation ingredient is an elastic body, and a configuration is restored after inspection termination, there is no 
special problem also at the time of connection with a substrate. A consideration of this will determine (3) to the 
above (1) and delta as a matter of fact. As mentioned above, since, as for a stress relaxation characteristic, 35 
thru/or a good result are obtained for the thickness of the stress relaxation layer 5 by 1 50 micrometers, it becomes 
delta=1 50-35=1 15 micrometer from a stress relaxation characteristic. Moreover, the value of delta= 115 
micrometers is almost equal to the upper limit to the circuit board 14 permitted in the case of connection. 
Therefore, the value of delta turns into a upper limit, when 115 micrometers is many. 

[0084] Moreover, detailed-ization of a semiconductor device progresses, and on the relation of wiring of a 
semiconductor device, the structure of this example can be adapted, also when a bump must be formed in the ramp 
of a stress relaxation layer. In addition, although the thickness of the stress relaxation layer 5 is controlled by 
above-mentioned drawing 24 in order to distinguish between height by outermost periphery bump 1a and bump 1b of 
the one inside, there is also an approach by the structural adjustment of a protective layer 8 as the other control 
approaches. For example, as shown in drawing 40 , the organic layer of a protective coat 8 is not formed directly 
under outermost periphery bump 1a, or it limits for forming very thinly, and inside bump 1b, there is the approach of 
forming the organic layer of a protective coat 8 more thickly. A problem does not have attaining the desired height 
difference delta in any way by adjusting suitably the thickness of the stress relaxation layer 5, and the organic bed 
depth of a protective layer 8, and controlling them if needed,, either. 

[0085] Moreover, since external force tends to join the bump located in the outermost periphery of a semiconductor 
device and a crack etc. may be made to solder, some may be used as a buffer member among the bumps located in 
the outermost periphery. In this case, as for the bump who uses it as a buffer member, it is desirable to consider as 
an unnecessary thing, when the semiconductor device which is not electrically connected with the aluminum pad 7 
operates electrically. A period until fracture occurs by the bump of required others when a semiconductor device 
operates electrically by this is extensible. In addition, about some bumps who consider as a buffer member, enlarging 
the diameter of a bump can also extend the period to bump fracture further. In addition, in this example, in order to 
enlarge the suitable diameter of a bump, which approach of well-known common use may be used, but when one 
suitable approach is illustrated especially, the volume of solder itself is enlarging a bump land (pad), making it the 
same as that of other bumps. While the diameter of connection becomes large by enlarging a pad, since it is the 
same as others, bump height becomes low, as the result, the contact angle of a bump and a pad becomes large and 
the volume of solder can avoid the stress concentration to the point of contact of a pad with a bump, when it 
connects with the circuit board 14. Since the absolute value of crack die length when the diameter of a bump 
increased, until it results in fracture itself is large while crack progress within solder becomes slow, when stress 
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concentration was lost, a bump contributes to the period extension to a stage greatly. 

[0086] Moreover, if it thinks from a viewpoint of making easy the design of the wiring drawer of the circuit board 
which connects a semiconductor device It is desirable to arrange a power source or a grand line near the center of 
a semiconductor device. As the result As for the wiring 4 for rewiring which connects a bump pad with a near 
distance from the aluminum pad 7 and an aluminum pad as shown in drawing 26 (a) and (b), it is [ the wiring 4 for the 
maximum wiring which connects a far bump pad as a signal line ] desirable to use as a power source or a grand line. 
In this case, the bump with a near distance from an aluminum pad may be located in the ramp of the stress 
relaxation layer 5. Moreover, a power source or a grand line may be made to make wiring width of face larger than a 
signal line. 

[0087] Other examples of a semiconductor device are shown in drawing 27 . At this example, the stress relaxation 
layer 5 is formed, where the semiconductor device 13 of the next door on the wafer 9 with which the semi- 
conductor was formed is straddled. The device on a design is made so that, as for the aluminum pad 7, the bump 
pad 3, and the wiring 4 for rewiring that connects these, the wiring 4 for rewiring may not cross the boundary of a 
semiconductor device 13 and the next semiconductor device 13. Although the production process is fundamentally 
[ as what was already explained ] the same, there is a difference after the seventh process. 

[0088] In case a semiconductor wafer is cut, cutting of the stress relaxation layer 5 is also needed, but since the 
stress relaxation layer 5 is a low spring material, it is difficult for bundling up with the wafer 9 with which the semi- 
conductor with which most consists of silicon and reinforcement differs was formed, and cutting. For this reason, 
after performing cutting to the stress relaxation layer 5 first, the dicing of the wafer 9 with which the semi- 
conductor was formed is carried out. Hereafter, it explains using drawing 28 . 

[0089] First, only the stress relaxation layer 5 is cut at the seventh amelioration process. It is good to use the 
rotary knife suitable for cutting of a low elastic resin ingredient as a cutting process. In addition, carbon dioxide gas 
laser, sandblasting, etc. can be used. 

[0090] In the eighth amelioration process, a solder resist is applied to the whole surface as a surface protective 
coat 6. Printing and curtain coating using the mask of the shape of a mesh besides a spin coat method as the 
method of application are sufficient Also in order to apply a solder resist, the wall surface of the cutting section of 
the stress relaxation layer 5 in the seventh amelioration process is not perpendicular, and it is desirable to make it 
become the shape of reverse Ha s character. By performing this coating after cutting of the stress relaxation layer 
in the seventh amelioration process, the stress relaxation layer 5 can become the factor which exfoliates from the 
front face of a wafer 9 in which the semi-conductor was formed, or invasion of foreign matters, such as ion which 
causes the performance degradation of a semi-conductor, can be mitigated, and the device which secured 
endurance etc. can be offered. 

[0091] In the ninth amelioration process, the pattern of the surface protective coat 6 is formed by performing 
sensitization development. Thereby, only the bump pad 3, the cutting section 24, and its circumference are exposed 
from the surface protective coat 6. Moreover, gold is formed on the bump pad 3 by giving non-electrolyzed gilding 
by using the surface protective coat 6 as a mask. In addition, although considered only as gilding in the example, you 
may give, before plating the plating of palladium or platinum with gold, and even if it performs tinning after gilding 
termination, there is no special problem. 

[0092] In the tenth amelioration process, the wafer 9 with which the semi-conductor was formed of dicing is divided 
into a semiconductor device 1 3. In addition, generally dicing is performed using a rotary knife. 
[0093] Manufacture of the semiconductor device 13 which includes the process which cuts the stress relaxation 
layer 5 according to the above process is attained. 

[0094] According to this example, even when the dimension of a semiconductor device 13 is small, it becomes 
possible to form the stress relaxation layer 5 satisfactory. In specifically forming the stress relaxation layer 5 
ranging over two adjacent semiconductor devices Even if a dimension becomes half mostly, it is not necessary to 
change the membrane formation technique of the stress relaxation layer 5. Even if it changes the magnitude of a 
semiconductor device by adjusting the width of face of the cutting section 24 which is cutting at the time of 
separating the configuration of a semiconductor device, a dimension, and the semiconductor device 13 of each 
other, and a configuration, manufacturing using the same printing mask may even become possible. Moreover, since 
the wiring 4 for rewiring has connected the aluminum pad 7 and the bump pad 3 through the ramp of the stress 
relaxation layer 5 like the first example, stress raisers do not exist in the wiring 4 for rewiring, either, but the flip 
chip bonding of it which does not need under-filling becomes possible. 

[0095] In addition, especially the structure concerning this example can be adapted for the semiconductor device 
with which the pad was arranged by the pin center.large part of a semiconductor device, for example, DRAM etc. 
[0096] Moreover, although the stress relaxation layer 5 over two adjacent semiconductor devices 13 was cut in 
drawing in this example, as long as the slope section for the wiring 4 for rewiring to result [ from the aluminum pad 
7 ] in the bump pad 3 exists, it is also possible to adopt the structure where the stress relaxation layer 5 connected 
about the semiconductor device 13 of at least 2 more than, for example, four semiconductor devices which adjoin 
each other mutually, is cut The connected stress relaxation layer 5 is formed and you may make it cut it about two 
trains which adjoin each other with a natural thing. In this case, since it becomes the process which can permit a 
location gap of the direction of a train, it is more applicable also to micro processing. 

[0097] In each example, as shown, for example in drawing 2 or drawing 27 , it is good for the corner of the stress 
relaxation layer 5 to give a radius of circle. When it does not give a radius of circle, in case the stress relaxation 
layer 5 is printed using a paste-like polyimide ingredient it sometimes gazes at the defect who involves in air 
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bubbles. Moreover, the stress relaxation layer 5 becomes easy to exfoliate from a corner. If air bubbles remain in the 
stress relaxation layer 5, when a semiconductor device 13 is heated, air bubbles will explode and the fault of the 
wiring 4 for rewiring being disconnected will arise. For this reason, as for the corner of the pattern opening 18 of the 
metal mask for printing used for formation of the stress relaxation layer 5, rounding off is desirable. 
[0098] In addition, using the metal mask for printing, or a dispenser, printing spreading of the stress relaxation layer 
5 in each example can be carried out, and it can be formed. 

[0099] Moreover, it can form approaches, such as sticking the resin sheet of not only the printing approach but a 

air or blasting and the ink jet method using inactive gas, un-hardening, or a semi-hardening condition, 
or by combining these approaches suitably. When forming a stress relaxation layer by the printing approach, and the 
inclination of a printing section edge prints an insulating material and a printing mask is removed, in a heat hardening 
process, a flow of an insulating layer takes place at the end, and the ramp of an edge is formed. It is possible to 
create the edge which has a stress relaxation layer and a specific inclination per wafer by this approach by package. 
On the other hand, when forming a stress relaxation layer by the stamping, since the insulating material for stress 
relaxation is applied to the mold for and the configuration of a stress relaxation layer is imprinted on 

a wafer, selection of the insulating material which form status change-ization of the edge at the time of insulating 
material hardening does not produce is attained. In this case, there is the description that the configuration of an 
edge tends to become fixed compared with a printing method. Furthermore, by the method which sprays an 
insulating material using gas etc., if those with a degree of freedom and nozzle dimensions are suitably chosen as 
the configuration at the time of the stress relaxation stratification in order not to use a printing mask or 
************ metal mold, in a printing mask or ************ metal mold, formation of the stress relaxation layer 
which is hard to form will be attained. Moreover, compared with a printing method or a ************ method, the 
thickness of a stress relaxation layer can be adjusted by adjustment of the amount of blasting, and the range of 
thickness adjustment also becomes large. By the method which sticks the resin sheet which is not hardened [ semi- 
hardening or ], in order to attain formation of the stress relaxation layer of a thick film and to use insulating sheet- 
like resin beforehand, there is the description of excelling in the surface smoothness of a stress relaxation layer 
front face. It becomes possible about these approaches to obtain desired stress relaxation layer thickness and an 
edge inclination a single or by combining suitably. 

[0100] Next, other examples of a semiconductor device are shown, the cross-section schematic diagram showing 
the condition of having carried drawing 29 R> 9 in the substrate for changing the projection electrode of a 
semiconductor device, and drawing 30 are the cross-section schematic diagrams showing the condition of having 
closed the clearance between a semiconductor device 13 and the substrate in which this is carried by resin 118 
further — it comes out 

[0101] The letter electrode 1 of a projection formed in the semiconductor device 13 is carried through a ********- 
strike or flux on the electrode 120 with which it corresponds on a substrate, melting of said letter electrode of a 
projection is carried out at a reflow furnace etc., and connection of a substrate 115 and a semiconductor device 13 
is made. The substrate carrying a semiconductor device has the letter electrode 121 of a projection if needed [ an 
electrode 120 and if needed ] for carrying in the substrate used for various electronic equipment at the rear face of 
a semiconductor device loading side. 

[0102] In case a semiconductor device 13 is carried in the substrate used for various electronic equipment it is 
necessary to carry out heating melting of the letter electrode 121 of a projection prepared on the substrate 1 1 5. In 
order to raise further these mounting processes and the dependability in various trials, especially the dependability 
results over a drop impact test, between a semiconductor device 13 and substrates 115 is reinforced by resin 118. 
[0103] The resin 118 filled up with between a semiconductor device 13 and a substrate 115 The liquefied epoxy 
resin used for the general semi-conductor closures, phenol resin. In order polyimide resin, silicone resin, etc. are 
usable and to adjust the coefficient of thermal expansion and elastic modulus of closure resin A silica, Or two or 
more kinds are blended, the particle which consists of inorganic materials, such as an alumina and boron nitride, — 
one kind — Moreover, it is possible to blend the hardening accelerator for promoting the hardening reaction of the 
flame retarder for making the coupling agent and coloring agent which consist of resin, such as silicone and 
thermoplastics, alkoxysilane, titanate, etc. if needed, and fire retardancy give, or a fire-resistant assistant resin layer 
etc. 

[0104] In this example, even if it is the case where the pitch of the letter electrode of a projection on a 
semiconductor device differs from the pitch of the electrode of the substrate used for various electronic equipment 
it becomes possible by minding a predetermined substrate to connect with various electronic equipment 
[0105] In addition, also when you mount in the circuit board used for general electronic equipment like mounting to 
the substrate used as a semiconductor device, suppose that it is the same. 

[0106] In addition, in the example explained until now. destruction of a connection can be prevented by using the 
ingredient of low elasticity for the insulating layer of a semiconductor device if needed, for example, forming an 
insulating layer with a thickness of 35 microns or more. Moreover, it becomes possible to reduce sharply the stress 
produced in a connection in the insulating layer of low elasticity existing. For this reason, the connection life of a 
semiconductor device improves sharply. 

[0107] Moreover, when adopting the insulating layer of the thick film of about 35 micrometers or more, the 
conventional wiring formation approach cannot be applied. Since the ingredient for insulating stratification is 
hyperviscosity, it will become an insulating layer containing air bubbles, and will stop achieving the function as an 
insulating layer in a spin coat method, when carrying out thick-film formation of the insulating layer. Independently. 
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since the permeability of light falls in 35-micron thickness even if it develops the new thick-film formation approach, 
in exposure development, pattern formation of the opening of an insulating layer etc. cannot be carried out to this 
with high precision. ****** this problem is solvable — the side attachment wall of opening of an insulating layer — 
** beyond about 80 degrees and it — since that height serves as a sharply larger value than wiring thickness 
perpendicularly, metal wiring becomes that it is hard to be formed in a side attachment wall. Moreover, since the 
flection of metal wiring is formed in the boundary section of a side attachment wall and the upper layer even when it 
is able to form even if, it is easy to concentrate stress on this location, and, for this reason, a crack tends to 
progress. For this reason, the connection life at the time of circuit board connection will become short. 
[0108] Then, it is desirable to form a thick-film insulating layer and to make the configuration of insulating-layer 
opening into a gently-sloping slant face by carrying out mask printing of the insulating material which contained the 
minute particle as mentioned above. Thereby, since the flection of metal wiring which formation of is attained with 
the conventional method of construction, and stress concentrates does not exist, either, wiring on an insulating 
layer stops also being able to produce an open circuit of wiring easily. 
[0109] 

[Effect of the Invention] According to this invention, the semiconductor device which makes possible unnecessary 
flip chip bonding of underHilling is realizable, and even if it is the case that the dimension of a semiconductor device 
in every direction is small, an insulating layer can be formed for every semiconductor device. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rDrawing 1] The fragmentary sectional view showing the structure of one example of the semiconductor device of 
this invention 

[Drawing 2] The top view showing the condition that the semiconductor device of this example is formed 
continuously 

[Drawing 3] Drawing having shown an example of the production process of the semiconductor device of this 
invention (1) 

[Drawing 4] Drawing having shown an example of the production process of the semiconductor device of this 
invention (2) 

[Drawing 5] Drawing having shown an example of the production process of the semiconductor device of this 
invention (3) 

[Drawing 6] Drawing having shown the mask for printing used for formation of the stress relaxation layer of this 
invention 

[Drawing 7] Drawing showing the process which is printing the stress relaxation layer 

[Drawing 8] Drawing showing the version detached building process that a printing mask goes up from a wafer 

[Drawing 9] Drawing having shown the semiconductor device with which the stress relaxation layer was formed 

[Drawing 10] Drawing having shown the condition of having stuck the mask for exposure to the resist 

[Drawing 11] Drawing having shown an example of wiring for rewiring 

[Drawing 12] Drawing having shown another example of wiring for rewiring 

[Drawing 1 3] Drawing showing the underdevelopment of the actual circuit pattern for rewiring 

[Drawing 14] Drawing having shown another example of wiring for rewiring 

[Drawing 15] Drawing having shown another example of wiring for rewiring 

[Drawing 1 6] Drawing having shown another example of wiring for rewiring 

[Drawing 1 7] Drawing having shown the semiconductor device which passed even through the seventh process in 
this invention 

[Drawing 18] Drawing having shown the thickness of a stress relaxation layer, and the relation of stress 
[Drawing 1 9] Drawing having shown the thickness of a stress relaxation layer, and the relation of alpha rays 
[Drawing 20] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 21] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 22] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 23] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 24] Drawing having shown the semiconductor device which made thickness of a stress relaxation layer thin 
partially 

[Drawing 25] Drawing having shown the condition of having connected to the circuit board the semiconductor device 
which made thickness of a stress relaxation layer thin partially 

[Drawing 26] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 27] Drawing having shown the condition of having formed the stress relaxation layer ranging over the 
boundary of a semiconductor device and the next semiconductor device 
[Drawing 28] Drawing having shown how to cut a stress relaxation layer 

[Drawing 29] Drawing of one example which carried the semiconductor device in the substrate 
[Drawing 30] Drawing of one another example which carried the semiconductor device in the substrate 
[Drawing 31] Drawing having shown the conventional semiconductor device 

[Drawing 32] Drawing having shown the condition of having connected the conventional semiconductor device to the 
circuit board 

[Drawing 33] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 34] Drawing showing one another example of the structure of the semiconductor device of this invention 
[Drawing 35] Drawing showing one another example of the structure of the semiconductor device of this invention 
[Drawing 36] Drawing showing one another example of the structure of the semiconductor device of this invention 
[Drawing 37] Drawing showing one example of the structure of the semiconductor device of this invention 
[Drawing 38] Drawing showing one another example of the structure of the semiconductor device of this invention 
[Drawing 39] Drawing showing one another example of the structure of the semiconductor device of this invention 
[Drawing 40] Drawing showing one another example of the structure of the semiconductor device of this invention 
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[Drawing 41] Drawing showing the relation between glass transition temperature and coefficient of linear expansion 
[Description of Notations] 

1 [ — Bump pad, ] — A bump. 1aa — A longwise bump, 2 — Au plating, 3 4 [ — Aluminum pad, ] — Wiring for 
rewiring, 5 — A stress relaxation layer, 6 — A surface protective coat, 7 8 [ — Metal wiring, ] — A protective coat 
9 — The wafer, 10 in which the semi-conductor was formed — A bump, 11 12 [ — Under-filling, ] — An insulating 
layer, 13 — A semiconductor device, 14 — The circuit board, 15 16 — The electric supply film, 17 — The reverse 
pattern of wiring, 18 — The connection parts of an aluminum pad and wiring, 19 [ — Resist, ] — A boundary with a 
lower layer part, 20 — A clearance, 21 — An exposure mask, 22 23 — A connection with an aluminum pad, 24 — 
The cutting section, 25 — The stencil made from a nickel alloy, 26 [ — A silica particle, 110/ — A memory cell, 
115 / — A substrate, 116 / — An electrode, 118 / — Resin, 120 / — An electrode, 121 / — Electrode ] — A resin 
sheet, 27 — A frame, 28 — Pattern opening of a printing mask, 102 



[Translation done.] 
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y K3tc»iA/fc*^-/v-S:^iKU. 1 Sr^-T'So 

[0031] &%x.m : zmms&f&z tiitv «— 9 

Sr^^-/Ny-r ->>^ft«>c,t!?^^»l 3 tc^OKr 
[0 0 3 2] WTT'li, ±IS<O^HXSA^^AXa* 
[0 0 3 3] ^HXStco^Ttft^-t-^o EPBUtc 

so {£/B-rs^**tt. ^y ^Ksa^s»c*t-r^«^^- 
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)V^^M<r>^7-V=y^ 2 5 Mm*/— b 2 6 Sr^~ LT 

#27 jcifi <o vsvtmmw- t> srie 5 r. t 

^ d — |- /um&l-ZfflW&K^—* b as}S*u£ri s 5 

^ t ^jgftcas^jfc $ ftfc ? i -/n 9 ©/^ - -y t 
y->/V2 5±5rfit5rt^ — ^«ntt2 8«r 

U ^©&, ytffMfflvx^o-'^-yBl 

#4*1 Sr^fc-frS £ t J: o Xs RiJSU-^ * * # * * 

h MfrZWrfrvifoMftn * 5 * * - /Nffi rt T**=J- K * 9 * 

©iH~6ia»o-cii*vcv*< d t(c^<9, fiR»tt#*£j£ 

jotw-eti i oticasijtsijwi-a 1 1 m-r^^fiscDafiiKo 

-r*^ «<!!)©?»»© 5 V^, ESC. *<DjjW;te^- 

[oo3 4] 3i#/K#-<-* b-^mm^^t^mw- 

[0 0 3 51 wdT-«fflLT^-5<S:^^5<D^J5£^ 



(6) 

10 

5 */MfcT- L fc 0 *HJ£«aj ffl b *t T 5 si? y 

tcmat, e> 4 s«&—*is^«fpji 5 # 

itWlgT*&5. 0 jKy-Y5 K«^©«MBS:ttffli-a»^- 
30 -g-^fc^o e»Jx:ff> jKyai^x/W-Y 5 K»fl§-ett, — JK 

[0036] ^— ^ h^wsKy^ 5 K+«tc:^y 5 k« 

/h^Sr^»$-B:5 ^ t X>tt&<Dt&ft¥f&*Wm-fZ Z 

lH]fe» 1 rpm-CO&g i: 0^ 1 0 xpmX<Dlfcm<r>\tfr h 
**7c:, iWSf^yhnf — ryf-7?^i 5 2. 0 
A^3. 0(D®HlC*>Sr ii5M^LV\ *J8, 
h d { yf y ^ lci&Sft#tti5^5/<-^ h© 
f^y hBtWyf y^^A 5 2. 0*^3. 0 

©©Hie * teWL&ms&xfvmirz, t m&M&n h 

so ttZ> 0 
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[00 3 7] mm Lif<—X hVamtf V 4 5 KSrJnSRW 
it Ltcmz.it. <}x.-^ 9 ±fcEI 9 Lie X 5 fcBrffi 

»Itcj:9^afnJi5Sr»riJi- iS^ttftJi 5 
s/i^SPi (9 2 0 OttMl OOOW ^D^-h/voir 

tut. EP«m*©a***^*>wfeix*. ±ia^<b^ 
t<Di6L(omm^t lx. vmnsiowi&mst 

#^±«fcWMj1-5«#©lS*afn««:«0± 
[00 3 8] ^fc, il tc^-T ± 5 fcJ$:#»fn* 5 K-fc 20 
«^Sr»rtt5rt#t#. ;l £ 9 WMWt if K J; 

S^Sr!»iDlU-^i-vMII5ftt*9s Iff*** ± I? Kit*"* 
ftflttofctt. *S*«|dJ15 0SF«&ff$t 

tffi^-f-st, -s*< tb%~n<n¥n<D&£it± (2 x 3. i so 

4 x 1 O^^n;*— h^) /2 = 3 1 . 4-7^^n^ 

T3 1. 4—10 = 2 1. 4-7^f?D^-^ l£M 
¥P^O(i5ffl!lt-loi"o^b7 v ct&^-^fi4 2. 8W* 
n^-h/uir^S, r<D<fc5lc, E^4 ld7L*gCSr^:tt 

J^aioS 5 <DJRJ?*J ± IWM4*» ^fr^^F I3©t 

1 4 «HM4*& LfclSffcte .fctfv' 

1 3W*fAft$SrL$ Vt-t-^b U *i»^13 
ir^H$r»«i-51ilKSSl 4(Dm&M&M<Dm&l 5 
ppm/t ^{*:^^1 3©S«*t«^nir*~fH£ 
^<OON/OFF(C«to-C4 CS^S&SSH^Sft 2 0 OS 

S«t5*^:f8i^*f4. 15 (ppm/X) XL/ 2 (m 
m) X 2 00 CC) =0. 0015XLSyy — bfrb 
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o. oo 2xl~; y h/weft*>*utf*»-c*>«t% 

S 5 LTL/ 2 000-L/500O 

[0039] Mmttezftittaxam 5 ©bbp* 1 me>w 

^ffl 2 0© WWJ-CWkftWflff bTi^J 5 0 

-7^^u^- h;^'#5: £fc#^ 
S« 1 4 £¥*#§gfll 1 3 &&WLLitmz&%.&m'P L 

■r*«Bf OiS^afoJB 5 owcpsje L-Tff £ SrffBtft:-*- 

fc ^-/n 9 LT> 1-0 B (OEpJBiJlCTffiffi Lfc fc 

co i: f±^/i 5 ^ ^ /w ^ if ^^c(H](DPpJB'J$ri-tvl4 

rtt)f#5o wtii, in 3 7 ici^-r j; 5 (d, x>-r&& 
m t PLM,\>^<> , ^x<DW.T<o^mx*mm^ht£?>^m 

^©J:5*««il© 

$ (GP a/^-Y ^ d^< — h/V) (± (3X10+1X5 

0) /eon.atfto, -*,§B^A^*j»t5M^ 
o^Wtt^ttl "t?*> -5.. Lfc^oT. ^©i5^«it 

r. h 5. LfcJS^afratfcttRtT-Sr 

[0040] 3l#a*JBiaiS*BlWi-5. *HiS^JT- 
(±f?ffii^fflffii^ 4 =£rm*v«l«> f 2 S 

t Lfco <C*5, SSe^fflEi©4C0-JS$r^>'^^ K3 

o ^ Srffli/^ i i: t> plfg-C*)^, 
[004 1] £i\ m^«>o#=Srlllfe-r57c«)<D^^ 



$#182002-16197 (P2002-16197A) 



13 

h 3 8 *s J: T^JES^^fog 5 k (D&m&mm 

\<^s<*y9*m^z>z.kk bfc *^y*©jW8yst l 

t, *yf-f^y K7 tSSB^ie^4^twW 
© mm 5 fc tf> * ^ y 9 . y ^ ^ ^ Srfl o fc. 
#ll;&W-:^tS*^y*®£t LTf±, (75t 

yy-h/v-) (o. (D&mm 
-rzmk mtim^m m t ©«* s r. 1 s> t> , 

^©JBIJPfi^n^©&*£ii£^1-5*<g;Pfi3sa£ u\ 

y^SiW&JSfi, &©I@-?fT 5 ^fflfco 

= y^/W6o#£rtTofci:£lc x feo#a©^ff^*d5 

*fEJ*£U:fc:*< L/Ut-a-, CTxtf 1 -v-f * o ^ - h/P 

aa*s^teTi-a t ^5 whk*p*.t. awls-cms 

^*s»»te>*uT, ^©i£*£ LTSg^«i;Bg^;&4©1^.^• 
K3Ly^>'*' , ;0S:*:# < **6^tf@T?fis 

y^v-^iErs. umo^S-eti, ftt»)i?fy 
/vmM^-i h'^v^:sy&tiZ>Zkict£5 0 1M K^y 



14 

<?>'v'&Z<D£ylz*£<teZk. &MBHl»**<k 
^T-RaSSr^L^-fV^ {tot, X'<y*&<Dm& 

[0042] Wc, * h y y^7 7-r -fttffSr/fl^-c, 

«BEiB!Ui!g2itft 4 ©&/■?* — «1 hSr/HV> 
LfcJCttttfoJl 5 ©^ y i?f8©ftffi±«B-Ctt Is*?* MR 

~i/yir?>\c\±&\,^immi> i &mkteZo -mc, m 

b&m^fro fits. 7^;vAi/v>xf5:t 

*#MX-h # X t> (Mi Tffi £ S # * ^ffigp tt/i 
» d» fe 5 r i m * o T l?K3t BWS *s|i < * 5 fc 

-^ICfi, ^^f®^»Hff*LV^. *HJS0iJT-tt, 010 
(c^-Ti 5 Id, 2 l uv?yv h 2 2tf*&3& 

L, -|fBfc^P^2 0^*i-5^-^7'©^)feaS^fflV^fcl o 

umycmxtDMm&m-i. n%m-?*? 2 1 1 v>v* \- 

30 2 2 k&&mi.tcW&xm 1 0-7^ ^ oy:— h;VT*J)o 

fei 2 0 t«f«-T5ia»*B©i8«tt, * 1 \^-ra b t-* 
i/-^ h©i®s, u-^^ hei<t:*#> mmtig/mmr$ffi 

[0 0 4 3] 

1*1] 
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15 
£1 
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[0 0 4 4] Ell lKT/VS^S' Yt<Offl&M2 3 t'< 
\Z ltv^o-c, 09*. tf^SfoS ©J? £ # 6 

tit, *©«**u0-tt&*< ?rtB-e*> 

[004 5] El 1 2 fcj£#»fnJB 5 ©«*ttM+iSfc*S»* 

*ttR©fc«>fc«4fttt©II] 9 r £ (c X o T 

£[Hl 4^1211 5{c*Lfc<t5f-^Hi-5ri^^<o* 
[0 0 4 6] 121 1 4117^5^5' K t <Dt£WM 2 3A»b 
@15 ttfilffc&tfJBV ^J&^igfn/i 5 ©^ s/ i?A#<B*0 
4*J.fctfBll 5k::|3ltaeiMBf±, ^^lnS5»J¥$ 
UT5l«!*WS:iS«-*-a r tX'm.&&V 
gft-^*^ 2 l ©TK-BftKI 2 0 ##£1-5 leg 

So 

[0 0 4 7] rcssro^tu^ (l) ®3fc*l<D 
tt^^g, (2) US?* h©^ ^tt&ft. 
(3) h^^y^-^^igiE^ (4) #SS 



lo^ff it. NAftt^o. OOOl&LhO. 2 

[0 0 4 8] ^iSfaS5 0^s/v?gBf4^^-^^i:^ 
ttfDJI 5 ©ttttttofci^fc J; 9 4z CSfoX&M* U^i" 

Wt*X< -TZ^t\z£<o »^^^*WfcKihi-S rit 
T'^So fc*S, i^-rLt>i-^T©iaijgSrPlC*${-i-5 
setKtt* < > CT^tfEl l 6 tc^-T i 5 fc«S/^9 ^ K 

if =7 v K»**< "fi i *S«ff £ 3 «b* 

S8Sr-«l»c*:<-t-5ri:^a*bV\ -2f, ^A^fDS 

;<f>->\zt>tizfr-rzi>K &mm8<Dm*i:m*irZyt 

M,##3\zte. E^gSrl 0%tt^^-&5*e-t-»4, 
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5 il ^ — h/l--C\ y KS3 0 0 —2 , y 

KWK3*iffi»SrO><»d'K:f4» (5 00-3 0 0)/ 
(3X2—1) =4 0 t^oftntte*. ^©tW» 
*^«TI±¥$B*W/ei*Wni= 4 OW 

[0049] j&anefcoi^-cttfii-a. #*J£#J-e 

*8fc«rfrofc«, 6 frftttCi&R 

[0 0 5 0] 3l£$c#, m^=y^feo#SrtT5„ 4 

fcifrfcBIWifc* 5 y y *A57eflfett*s**i-« b ^ 5 

ti^SlUt ft**, «>o*«£tfjf±» *rfflUfc=y 

<fcM-&3„ S£H0. 0 0 1~0. 0 5%5r^W 

*) MrW^zmX.tS., Kfiffi 111, 220. 200. 3 
1 1. <D^mm-&U&5 0%£i±i/i5, m*-?*-*' 
£>o#cDjgJ?f4, ^cD^cDIg^fl^Sfi^fccOffiS-'S' 

•^H^ y ^TiOm^Ml&ZftZ KAstcb- y 'r^b <T>-£ 



18 

<D fttatt tc J: <0 hIi©^ \z M 5 r. t a* T? * 5 . £ 

lc<v\ —TJ, ^B2t&co±fc:=y^vg§r^rit-r5 

y 4r/uJI©tf Jattt J: 9 Sia^fflBSi^ (^ffiitS) 

iic^/fc^axsote^y^gi-pib-r, ane^©±-c- 

=• y^S t R8£©'<-*tt tctJbott <t 

S#^f4^ y-Jr/V^tt^-f Ut>£««V\ 
[0 0 5 1] glTXlST-te, m»«l«)o#*Dj;0 ! m^.= 

•^M7^iU ^y^V^SSr-TSr t-e^* 

ylSiSrfflWc. 1 0#£A±cD^y^>'y*NFR3* 5 *^t«l 

te:fti^ra^y^^y*Srff4 5 «9*.tf5^Sr«jfC 
^y^>y*-T'5i: 5 4»&i-tt. 1M Kxyf^m 

J; o^i^o 3l£l&vtr!!lfc-t-5*n'«!gl 6© 

®* y '7Ai;<*W&£±J&#i-t53iy^i'y*j&fc 
fflv^fc. 4*5, ±|B«^=y7-^»of:Mli^mKl 6 
©aiy^Vy*<E>KlCD:iiy^y*l^* h t LttiffiL 
Tl/^. lot, =y-{r/Ui:^ - y^r/Vt ^ d A<Dx. 

y^>yMR&*mmvx^y^>'y'm<om.i$.i8.ft, ^ 
&<n^y^isy*(nm\zfem^%m&&mk*.m*-y 

^y'nXYt. 5SgE©^W*f4ft7<T*t,5 0%WT. M 
^L<»41 5%WTi:t-5o wtvtcJ;9. =5,>5r/WcM 
LT1 0fSaS»^y^>'y*S^ltT-^Sr^y5 : ->'y'T- 

[0 0 5 2] Itlifft, /<^/<y K3*5it/^3»f 
fEP2 4*5itJ ?; &©ilH<D^*SHQ bfc^ffiffiSK6Sr^ 

y KSC 3 Lfc 0 T-|4*3a«Sffi 6 b U 
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&*Kf$L-rz>z.t <{>*rtrc*>5. ELh©J:5fcXg4:fc 
^ffi«a^6»i. MElftjaBIM. jcS^fn 

to, *ffi#SB86fi, Wffifftfflffii&M, J&frttfrJB5, 

[0 0 5 3] r«I-tI14X't% 7/V^^K7^b 
/O'TX y K 3 *T?©WBi»fflEi»4 *s J:^^^ y 
K3#, *#fls#j|&ftSaxfc**-/N9±fcBll 7 *s J: 

[0 0 5 4] JBAXSI-Ctt, ttAf7Y#-/MS«SS«i: V 

-/Hff*8«*r*Jffl-t-5 - t X\ y K 3 ±(c^f 

\itkt£i£— Mtyy v ? * <t •? s> K 

y 7o-)FlcftAt5 r. t T'ttAyfc^— /Mi— 

s.*»u zw&mvmMk-tzzbx. an^u 

kTOJ^ffl^TfiA,/^-;* h K3±fc 

m*tc«^ $ fix t ^ ttA/7^ tm ©# < nfi&m -es s . 

rote, ttA/«W»ttRS$*b5t>o©»-fto#ftWSr 
[0 0 5 5] JR-xe*»P>JB^IS*-C©XSS:ll5 - 

36V l 3 &mnx% Pnsijaw$r«ffli-5 - i 

S^@faS5Sr^^->^-r?.r«i:d5T-#. 
TJ^fpg 5 »i«i£i^ffigB«4 ^^i-5fc*^ffiilr* 

[oo 5 6] *mmm\mfrfz. r>-y-7^^mm 

-f/wSr^ffib^t^y y7*-if*WW*tmkk9* # 
^gl 3<Oit?)fl-L2S7iTtg£&5o IsJgSSS 



^0 

#£B1 3SrHlteStR±d : 'bSi9^UlHlK*«Srl?fei- 

[0057] *nMmz.&z>fcttt8&umsv>#w 

A«jft«5jg^ottWf±» h#©# y ^ 5 vx 
j&v-y a&fcr* y^JiB* if -et> 

Jig, W^tf^y S K, 75 K-f S K> :e*7vW 5 

t\-<D&&xffi&Ltci&frtfhzmm<D®&. $m&®i± 

30 [00 5 8] J^77^fnS 5 co#tt*fi, SHftK:*Jt^T 
0. 1*^10. OGP aft^tW^S/fl^iBT-ifcS 

V*. 5W4*iiS0. lGPaS:TliIoT'h$tf5i^l; 

^^H?>. ^77SlaS 5 ©JMt*#l 0 . OGSr 

MxT7<# < 4-5 i 3t^^c0te«^im^#?>tv-r. 

M [00591 ^ j^TjSfnS 5fflW©ffi-fk?&af4 
1 0 OX-frb 2 5 0 < t:4r•(OtcoSrffll/^S*^65a^ L 

iw§m&f<o%tismx <y i — /NiS**** ufc •? , 

iB^ffltt^if^^tS^SiT-So ^Wtctt, Wf^t4 
£ LT^<o#9*efi:igJf(Tg)j5Si 5 ot;S4 o oicy 

so TT'*)5ri:/isa*L<, <t*)S^b<l4Tg^l 8 0t 
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«±> L< »±Tg^2 0 0 < CJ^±T*fo2)o 04 1 

ax? *%mm.& ag) t mmm&m<DE$& ^-i-m^ 

&xh%, rttJ;^, #7*te£i&«(Tg)as2 o o<c« 
±-o*>*«f , ^7-^ L-cv^ftv^r i as#a»a. 4 

*>\ xmtt?©«*4aat»3afc*»t5*^*«r#li*.5 
m^fc, Tg«T©««-C©IMHBMS» (ol) tt/h 
$VBi?»* Ui\ A#tttefi3 p pmt£iSv^3:£± 

®H(i3 p pm~3 0 0 p pm©®lt*)5:J:*SSS 
Ll\ J;*)*f4L<li3ppm~2 00ppm©@HT* 
*>9, *t>ffl3^VKWJKff»f±3 p pm~l 5 0 p p 
m©*&fflT*fc5. $i#BM&£ (Td) (±^3 0 0*C 

J£l±T-fc3- t^ffl*LV\ Tg^TdiSrtbfeOfitSrTIs] 

i o %*.wtfci- huv ^Tkmm^co 2 4 mnu 

±©gtff-C'^£. K»« if <vmm£«&& r b ft t 

iiSHttiUttt. (s 

Pflt) #8~2 0 (cal/cm3)l/2tft5r t^a* LV\> 
T&5*m-Cfc5#£-f£fci:> *r©ilfija©*:»#]&s±fE* 
±9 *S*f&/-*7;*-* (SPfi) #8 

»«MfcJS*+#;E t Jgffl pJieftSfJgT 0 a -fe * d3|Sg^ £ ^ 

(0 0 6 0] i^T, /S*^fPS©ffiJ¥i: 
JSjiVoJjKOBBffifco^^TRW-rSo 018»d\ fcjjm. 

[006 1] 01 9^(4, (S*ig?ae©ff£i:JS 

t^^7^->^hy ■>A«?©J«igK,fco-C3§£U 
h7V^*^SB©lg*)f££r3l#®--r o 019ld^:bfc 
<t ?^|ES;ty$?a/I©J?:$#3 h/uXQ 

jjm%om<omz&n<t£z>i: *m&&m-f-ztzib. am 
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[0 0 6 2] r.HfeW|8#A>P>. J£*«fWi©J?£*3 
h/H^±l 5 0-^-r^n^— h/HUTK 

io i-t^-r^gP^t-MUT, 02 0, 2 1 Jd^-fJ; 

iK?DJi©ff$£:3 5-?-r^n^ - h/uti.±l 50^^ 

jft Lfc mefn^ -e a jfttfiHS-t-S © SrSfcit-*-* ^tfr 

JS*SfnS©ff^-f± 3 5 -v-f * n ? J; 5 K: 

tf , 021 td^-r i 5 k a&aMBca s !&n4®«©j(S*i& 

20 h/WgJl±l 5 d ^ - h;v«TI;t5 r t t't 

I^JES^tM* ^©*^$*©SgLfc^#:Se©«^i:i- 

1 3C*«Nf^< 

<5 iffHiiS* t>i* * 5r S tt ^-r < ©J^*®?0S !^^» 

^I«?rf*f8ai 3©^iciaeL, aii;»u 

fi-f-^i: iv\ tfiJ^tf. 03 8td^i-«t l^*^fP 
S5©J?^-=Sr^^«l 3©^*W-i£f4*<, ^ISSC 
30 tff<JSif2feSBk:ff<-t-*r4:t>pr«-C*)5. r«5» 
<g\ f*ftiff©^V^±iife©/<>'7 p i:Jt'<-C^iS$^ 

7^:# < 4-5 t i: f>(c«EtM^hd < 45fc©, /O'P'-t 
©t©©iS*Sfn««gii 5 i«7cLT, »<4ofcJK*«ft 

Sr^<^»t4v^«Sr^"i-5^^ei 3©^#(c 

^ftiSBl 3©^*#j5^|£B-t-ixtf, ^SftiSl 3 
©**MS»df4lS*SfPa 5 «:JgjAU&< -Cfcttfe* 

[0063] ±36 LfcJSTjSfPS 5 fc^S^IWtt^ 

[0 0 6 4] LA>U r©1SltT-J±, '7^-^^tJS*a 

frzoimmsft^M'p v,xmmt>mmm-$-z>-^mm-b 

so [0 0 6 5] *ZX\ *fU603T-»± ^i-/>©(H]gS^ 
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©4$14Kifi<fc5<fc5KLfc 0 
[0 0 6 6] rtulcif?, ^±flBiJStfj«?HJBT 

[0 0 6 7] $ (rxw%HOii;Aif|||5 0tttt 

©K«©#ttKi£< -turtle JS^MIoS5±» 

[0 0 6 8] :;t, tfi^SftJi 5 ©ff^ft-r?*^^ 

2>->y Att^-l 0 2£IB-a-U J&*J«fWi5©ffS:#l*I 
y jj1&=f- 10 2 «7)IE-a'S©^Srlf fcit^JK^S 

■*JMSMsfc#*fc*fl:3*5. vy**t^ i o 2as#< 
&<#ttj£fii«<fc3. — '✓y#»fi0 2OEft 

[0 0 6 9] *ie»«i=i3«-5^#:3S«©»aie 

fr5£i:fc.fc!K £#I®©ffiB&te, »JB»©/<9y* 
[00 70] ^iSWT'li, iS^igfnJf 5 fc5Wt*J«R 

v-y 3-yfo*HH^4»6*5«^«ilE*l/Tt 
[oo7i] $ & v y *iFM»iftftMM £«j*-r 

[00 7 2] J*$#fflt*^&Kfc3«fcjSA8¥DJI 5 

l> ^ 5 feflURfflMki-siam-e, is-s-Lfc 
v- y * h 4 5 j&gyfeT- * -7 ^ — ^^fflgtc^^cit^ $ 
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[oo73] j&awfwi 5 jcia-a-^^fcv'y xm+om 
mjjfax*<Dmmftm*%mi-zj7&b u-cf±, t&ttttini 

[00 74] ^HJfcWcjgffl rTH/j: v- y 
L,^f v=fy MfcLfc^y ^©aSrift^Lfck©^ v-y 

sfcHHbutfc©* *e>fc#rtufcs/y **4^*sjg^Bi 

[00 7 5] PPJB"JJ£fc: X <0 l&jjfmim 5 Sr^i-5» 
[00 7 6] 4*5, j^^^fog 5 li-|H](DPPJB!lt?^J&£ 

[0 0 7 7] *»fi«fijT-(4, ^^-^©HIKSS*^^ 
>o (B^o«H4^ft»fcaEfl:L4v^©-C. E^©-$BI-^:# 
5. 

[0 0 7 8] ^tC. 1 3 ©Jlffl^ 5 

^E< Lfc^SIl 3©3BR0S©-09SrB2 4«rEv* 
T^BJ-TSo r©Hlfe0iJ-e(i, S^JlW^VT'l a (i, 
^© — DrtlOAVT'l b < h^-. 8tdltm£fc&< 

[0 0 7 9] ^ftlgl 3©JliagP^O^T^Mf0 

BieUlHlfgc^wWJBiJ^, h^©^©»]^-4 

[00 80] -«:tc:^^^a l 3 ©ilJa* 9 tc#^E-r 
5^>7l a Kf4, (HlSgSS 1 4 1 3 Sr« 

^LfcmwS-a^^f^i t). ^©^©'O'T'l b^tJt 

so JCfi^ft:g«l SW^ia^'J©^^^! ald&Sfiif 
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*£ftM^3g£-T5o ^©S*^**^*****!?^ 

[008 1] #|BSe9fc*>5 J: 5 K¥##2£B l 3 ©ffl 

Lfc®£Ff©' < >'7° 1 ©J^RSrW»i-5 £ i «*^ri6i ft 
•J, 0BS&K1 4fcSN*Ufc.BSIl!:>'<vnr±H2 5£^ 
Ufc.«fc5ft«E^>'7"l a a i:ft5. £©<fc5ft*ftA^ 
VT'la aT'tt, g #«>£©*&©/< 1 tPJ-T* 
fcSfcft, ir/^^y K3 tCD^te^lJSJ;^ 

/<v:/l 1 4±©^y Ki©tttfti s *t< 

ft5„ oSD, ®2 5U:*5V>-a±a 1>«2, 0 1 >0 
2 £ft3 0 

[0 0 8 2] tfttft^<' , i5rtt > ^y-fh^y 
K t OSSRA »T 5 J&** f f±^ft $ *t 5 r, 1 1 ft 
:<oi 5 K&fiWfam 5 ©)8S*«r¥8W3£e i 3 © 

.t0*<u ^v?" i (DMVt&m&t-rz ztx, *m 

MSI 3bE\&&mi 4 t©»*WH«ltt*iRi±**5 

7° i ©mi £ i 3 ©is&sis i 4 ic*h-5« 

#/!r ft t> X b tt5 o 

[0 0 8 3] 5©*#£fi, (1) ft*Wl:tttti* 
ft/O'T'l a ate**S*v4*S*«SH*tt. (2) 

SfflU ( 3 ) ¥9Me3fe« 1 3 <D\si&mtii 1 4 lc*J--r5& 
^©/^^^^^f^ffi, &£&%*L-tffc£ 

*»BiJi5©JW4*i:iMW«li«l 3©t-fX4>f>*t 
fi, /^7°ffi£^7 7*2S*»$S-#ftLftv^fST-« 

is-mS'*??** 9 fc*#<ftofci: LTt>. JS*g 
fpJB 5 ©^Tfclc i o XM&X't 5®it'feHtf H Ujx. 
ft^o ^i^fP*f^tt#14^T-fcSfc«). 

(1) fcitf (3) A^S-Ji^^ixSwtirftSo mi 
iE<D<t 5 KJS^fOi&ttfi. fS*S?Dji 5 ©J®^ 3 5 

^@fP<SH*^?>»4 5 = 150-35 = 1 1 5W 
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mSeStSl 4— ©^©B^fF^S*!^ 
±PRffii:t3:tf3?LV\, iot 6©»il 1 5-v-T^a^ 
±Pfifit<tft5o 
[0 0 8 4] *Sltt090tt&H\ ¥9MB<o% 

nmmvzwrt&jiL tft tt^rfft bte^WrSfc 

ft*>\ ±!EEI2 4^te**Wi^>':7 P la£-t© 
1 ortffill©^^^ 1 b t T*i« $ K^Srtttt S fcfctoS* 

H4 ot^Lfci p tcft^-n/^^i a©aT-ef±«s 

SrJ?fe{c^-f-Sftif©^/45fe5 o ^gtoKC, IS* 

igfas 5 ©j* * t ftfgjv 8 (D^mmm* t zm^m u 

r t £ <? BfM©ia£M8 Sr^"T 5 r b 

[0085] *m&mw.<oM[n-m\ctiLw.ir2>s<i/ 

$*uftv\ **«c^«*s«*ttl=»f^t-5±-C'FSftt 

•f-5*t?©^raSr®*-r5-i* 5 ffl5l55. ftfc\ 
Wt-T?)^o^©-'<>-7 s lcov^Tf4, ^<>'7'S4r^:#< 
-f-5 w t X- t>Jg (c^^ ^^5S»r* T*©W Pfl Sr®*-T 5 w t 

■f S fc * tc^tSffl © v ^-f tv© £ ffl V ^ T 1 6 v ^s. 
#tc^igft*ife^ l o#J^-t-5 1 > »±Ay^©^ag^(± 
^wt^^yyt ID— ^ K 

K:J:5SB»€ltt*#<ft*-*. f± A,fc*©{£«ttft!l £ ID 

HlKSfel 4(r^b^tc/<>'7 , i:^^ : y K£©««M3 
d5^c#<ftoT/<^7 p £^s' K©^^©^**** 
JS**^/5 3 ft< ftofc- £}CJ:oTf±A/fc* 
40 p»iT*©^7 y^itS^iK ft-Si: t t>K, 

^ Lfc r t »c i o XWft »CM S 4 T-© 9 7 y ^ * £ ©& 
^^©^©tTCt < ftoTV^-5©T', /<>-7°tt^T* 

[0086] ^fc, ^^esr^-rsiH]^»«©ie 

m\ # ai L©^ffSr^^-t-S <t <5 

{t-rsrtA5a*L<, ^W^SJ: Lt> E12 6 (a) 

(b) \z.7f;-t-£ 1 j\CT/i>5.'<v h'7 tT VWS/n'j/ KA>5> 
©Kf^l^5^a^,^/<>'^'«s/ K$r«igE-r-5??K*lfflKi&4fi 
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5l£bTt>J:v\, 

[0087] ^^mm.<D^(Dmm^m 2 7 
^mmmx^t. it^mom 5 ^^^^^^nTt * x 

tvb^ic-t-5f¥Sai^fflffii^4^ «BEi®fflia#il4#¥ 

1 3 1 mo^&mn 1 3 1 <DMR*fflft-tz> 

m»4, fE(-tftBJUfct>cDtS*«)»Cf4lslC'CfoS^, fg 

[0088] ^m-tet^-'-zvim-tzmiuL fot>m. 
%am 5 <Dwm h &m t tt z> # * js^a** 5 utesnta- 

nxhZtztb, 5 
i|s.^*5^$ixfc^cc-/N9i-iSLT«)»fi-5ri 

i±au\, ^©fc*. ^-r^*®?D«5{cM-r?)«»f^ 

[0 0 8 9] £-f\ JB-bakftxSfc-cjtS*«Si*5 0* 

So 

[0 0 9 0] 8A&AlSte*5V*Ttt, «ffit£KJSl6i 

T»4, ^fy^- h&cDIS*^ s/v-^ttW-v^Srffll^ 
fcPP8!K > # — 7V3- y^-f J^-Ct>AV\, V/Vy—Ui? 

[00 9 1] JB*L5fcftISfc*5^T»±, «363Mft*tT3 

/<y^5' K3*Jj;l#2)(lfgB2 4*> i^-tO^iao^ 
*ffi«aSS6d»feSm-t-5«, £7i x S®»ai^6Sr-T^ 

9 1 i-xmmm^ot^m-rztx'^^y^-y K3± 
[0092] m+efc&xajc&i^-ai, ?<{ isfirK.il 



2» 

[0 0 9 3] WX^XSJc J; 9 , JS^afnB 5 &®mir 

[00 94] *H»08Jc iixtf, ¥*#£ie 1 3 
^tfe^/hSv^tfra-TtlBH* 5 Sr»j«i-5 

BWSiSlilf^KftottJSAttfWI 5 
**:4i5«asfc<» JNWHHtoJWK, *Hlhttfel3J:tf 
ffffSf 1 3§rSlVNfe:^iii-5^©^)<9 b^ifcSSJ 
Wfgp 2 4 o«, r. i -esWMWia©** 

-OHM[«fciai«KJS*»Bl« 5 ©ttJeWBfcaTT-rt'5 
/<y K7fc/<y^y K3fcSrS8RLTif^Sfc«>» THE 

[00 9 5] 4*3, *3t&fflcd>frS*&r*4*K:*Hltt 

[0096] j-fc, ^nis^j^wiaT-tt, m<o-£? Xo 

1 3 fc*fc#o;fcj£tfjafWi 5 fcSJWbfc 
2KiOf^gI13 > 1tkz.t2m*Km'0'&5 4o 

[0 0 9 7] S-HJSMKfcl^Tft, ^>J^tfl2I2 J M2l2 7 

S^^A-S^^ixSo ^fc, J6*afdJi5*sAaB*»bf!l 
iLn<45. JC&^afnS 5 Jcft^aSTS i , ¥ 

*»^e 1 3 vtimK^mmm vxnmumm 

V^PgBl 8(D|?ia5fi^L*t.T*J< r k&m$. 

[0098] 4*5, &mnmKisrt zi&jjmam 5 «pp 

[0 0 9 9] ^i*, *9f\ff 
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-<?*>*. ^^tf^TWSAWWitJBaW-Sfi 

Jfc^ &tttttfi©fi&TJ&;^?nJi©ff&£ri5gE-e 

J¥$f§S>©©iat>J£<&5o ^fcfcS^fcfcfcBMk 
©8MBS"- h SrftS 9 f+»t 5*3S"CWu J*«l©Jttfj«ftJi 
©»j«is "Tig t * ?> V- b tt©£»|ffJB & A ^ 5 tc 
ft, JfcfcS?n/l*E©¥fitttcSft5i^5#«a s ;fc 

[OlOO] &fc,^{^11©fll©0Btt«*^i-. B9 2 
Lfc«t«SS:*i-»fiB«El&H» @ 3 Oti£ bfc*SIH*£»« 

1 3 1 ztiiKm+zm&nmtoimis 1 1 8 xm± l 

[0101] 1 3 UU&ji Lfc^jg««H 1 & 

lS_h©»(St51Sl 2 O-LfcfiA/^— ^ hfcS^ 

IB£i&IKmttfc*R£ii*K 115i 1 3 © 

•SfcfecDHSl 2 O^itf&gtO&DT^jgtfm^l 2 
1 Sr*-T5„ 

[0 10 2] a&fcWt^flWifcfliv^bih, 
££«ic**fc-r5l5^ S«l 1 5±»cRrtfc36je««« 
l 2 l fr;WI!&Ik$-£5g«**S>£. :h»lS 

[0103] *m#mm. i3tisn sm*%m-rz 
mmi i sit. -&<d*m&& ±m\z&mzixz>mvi<o 

3-^»ffi<**stt«^TIB-C* *) . #iM»Il©]IM*SR«« 

f»o«Km*»feft 5 v Mi -as£x± 
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n^ft aw mm o>mtfcfc zfemz-tztab omiti&m 
[0104] jfcsmsw-m, ^flEis«±o^ie«m« 

[0 10 5] &*J, fcS»K^©S(Sgi:BI 
[0 10 6] fc*s, m*-ettWUfcHJS«K:J3^-c 

[0107] «!|35W^D^- h/P&Lhir^o 

fi fc £ £ < ft o X L 4 5 c r tu t (iB'J fc»HS© 
jjmZM&Ltcb VXi>. 3 5 5 9 n >-©KJ*T-(«(D 

UT<>lfelWl©BBPSB©fl!l*tt8 o«m 
S[ A^HJ£A±©«tSi£T?*) 9 , ^o^ecDft $^g£^ip$ 

$n«<ft5» *fcfcix^t?#fd^t?t>, fflllSi: 
[0108] ^ r T'SuxE© J: 5 K^c/Mlh^^* Lfcite 

[0 10 9] 

[^ig©^] *%BjJc«tti.tf, T^y— yj/w^m 
[(Hffi©fB!*ft3i^] 

so [mn *&w<D*mvmw.*>-mif&w<Dm<ik*^-?u 
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[02] *mmm<D ! m&$iW.i» i mwtft)\zM&.ts*ix^ 
m (i) 

[04] *»M©i|£S»{Hg|t©»3txe<o-«Sr*-Ufc 

0 (2) 
m o) 

[126] *«MOiS*«ldJi«>mriimffiffli-5HJ*lffl^ 

[0 7] j£*«IDJB*PPML-0**ie«:5*-*-BI 

[0 8] SJRPiti'XS 

[0 9 1 fcxmftmtWf&ztitc^mftm®.*^ l^b 

[010] «3teJB-r;***W*:* h 
^Lfc0 

[0ii] skimies*©— ««r*ufc.Bi 
[012] WEMm&&<o&i<D—M&& Lfc0 

[013] mRoBBiMiEfi^— ^oaft^e*™* 
i-H 

[014] WIU«HEl»©»J0>-0«$r* Lfc0 
[015] SB»fflE«ogiJ©-««:*UfcH 
[016] SEIMiei*©9J©-W&*UfcB 
[01 7] ^MfcjsJtSJB-bxeSTfSrittfc^frSfi 

SSr^L7t0 
[018] JS*«fnJi©ilff£J&a©§8«fc*LfcH 
[019] JS*«fnJB©JWPfco«l©l8»Sr*UfcH 
[02 0] **W©¥*f«l*©*3S©-SM«**-*- 

0 

[02 1] *«(H©iit*#St1E©«3t©-|Ofc«f9S:grt- 
0 

[02 2] *»W©^*(«llt«>«Jt«)-«««**i- 
0 

[02 3] *«W©i)i3M*:SS1t©«a(0-|«t«Sr*i- 
0 

[0 2 4] ffi*«fdJlO«ffS:»^»fc*< Lfc^flJ 
gg£^Lfc0 
[02 5] JSa*ftJi©l»¥«:«#Wfc*< Lrc^tltt 

[02 6] *«M©ijt»«EiHt©«Jaf©-lt!t«ar*-t- 
0 
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[02 7] £*MI£^{tiRB&lt0^tt3iK& 

[028] fct>mum*®&x-tzij&*^^tcm 

[02 9] ^^gSrS«»C^«U7 v c-|fete^|(D0 
[03 0] iJ£i»flE3llBSr»gfc**bfc9J©-|9fc«|«> 
0 

[03 1] «*©^fls*«**UfcH 
[03 2] 1E*a>¥*1ttm*IIIftraic^LteRtt 
£^Lfc0 

io [033] ^no^MlfKKKOWSo-lllkMtrnH- 
0 

[034] *ftm<D¥m>&$iW.(omm<om<D-mteM* 
[035] *&w<D¥&fr&w.<z>mm<om<o-mmM$: 

^i-0 

[03 6] *«W©^*£1I©*£©9J©-3e»0!fc 
^Vf-0 

[03 7] **E©¥*#««©«ffl©-S**«**-*- 
0 

20 [03 8] *&w<v¥m>#-mw.<DMm<om<D-mmmz 

[03 9] *%w<D*mft&w.<offime>m<D-ni&&i* 
^•f0 

[04 0] #3SW©¥^#^e©*^©B"J©-|life0iJ£ 

*-T0 

[04 1] ^9^^a«tlMlfKtft*©i8«Sr*i-H 

••■/<^ y K, 4—&EiKU8B&Ru s-ts-^amm. 

&lE*g. 12-I6ii, 13-ff#81, 14-088 
1 5-7yy-7^/K 1 7 -BE 

m<om'<?->-, 1 8 -T^5^s/ K*E*W>*ilJctt 

1 9 -Tmnfttomft. 2o-&m. 2\ -n% 

-v*^, 2 2-Uv , xh> 2 3— T/W?^:/ Kt©S8R 
S5> 2 4 ---^O^fgB. 2 5-=y7-^H^fy>/K 

2 6 •••ftt/iBV'— K 2 7-#, 2 8 -PPJBiJ-^^^©^^ 
-^HPgP, 1 02-5'!?*titf\ 
40 /V, 115-&K, 116-^ 1 18-tJll, 12 

0— 12 1 —WM 
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